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PR.EFACE. 



TuE present cdilion of tbis ''Manual," is, like the preceding', designed 
to serve as a test-book in the instruetion in BIowpipe-Anaijsis and Do. 
termi native Mineralogy in the Rensselaer PoljUohnic Institnie. 

In the first three chapters, but few alterations and additions have been 
made, fearful of injuring the practical usefulness of the book bjan accu- 
mulation of too much material. The fourth chapter, containing the 
characteristics of the most important ores, has been considerably enlarged 
by increasing the number of species, and bj adding an appendix con- 
taining the description and blowpipe reactions of the various kinds of 
fossil fuel ; additions which, I trust, will be especially acceptable to the 
Mining-Engineer and Geologist. In the selection of the newly added 
species I have paid particular regard to those occurring in the American 
Continent; for this reason, many less important ores have found a place 
in the list to the exclusion of olliera, which, though more valuable, have 
not hitherto been found in America. 

The fifth chapter, containing a sjatenialic method for the discrimina- 
tion of inorganic compounds is a translation but slightly altered, of the 
' Dioiaion dichotomique pour leconnailre leg mi t^ratix," as given in 
I/iurents Analj,.e au CAiZumfOu It is ol no great value to the 
evperienLed anilyst but veiy i pfil for beg ii ri aid it is on their 
accou t that I Livi. ),ivc i it a pUci. n the llj. j.\ 

Ihe Sixth chapter i3 nut contained in the hrst edition. It is hardly 
necessary to allege any reason for its introduction into this edition. 
The admirable method of Professor Ton Kobell for the discrimination 



;d by Google 



of mmerals is, almost beyond dispute, the most praclical and most relia- 
ble that lias ever been published. The sixth chapter ia nothing but an 
extract from Prof. v. Kobell's Ireatise on this subject. It contains all 
the well-ltnown mineral species, and leads to their determination with 
almost unerring certainty. 

The appended tables, taltcn from Plattner's worlt on tho Blowpipe, 
have remained unchanged. 

For the material of this compilation, the author is prinei pally in.' 
debted to tho following works ; 

C. F. Plattner: The Use of the Blowpipe in the Examiuallon of Mi- 
nerals, Ores, &c. Translated by J. S. Musprath, 3d ed., London. 
J. J. Beraelius : The Use of the Blowpipe in Chemistry and Mine^ 

ralogy. Translated by J. D. Whitney, Boston. 
F. von Kobell : Tafoln zur Bestimmung dei- Mineralien. 5th ed. 

MUnchen. 185.^ 
J. D. Dana: A System of Mineralogy. 4th ed., New Tort, 1854. 
John Mitchell: Manual of Practical Assaying. 2d ed., Lond., 1854. 
The author, finally, begs to tender his thanks to his friend, Professor 
Chandler, of Union College, for the valuable suggestions he has received 
at his hands, and which he has acted upon to the best of his ability, 
being fully convinced that by adding the improvements recommended by 
bia friend, the practical utility of this little Manual will be greatly in- 
creased. 

WILLIAM ELDERHORST. 

Tkov, N. Y., March, ISM. 
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INTKOBUCTION. 



In preparing this little Manual, it has been mj principal care to adapt 
it to the use of the tcginncr. Tho usa of the hlowpipc, though elabo- 
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meets with on his explorations; an advantage which ought, truly, not to 

be overlooked, 

For teachers who have not hitherto devoted much time to inslruetion 
in this department, a short exposition of tho course which f have fol- 
lowed for a number of years may, perhaps, be desirable. For elemen- 
tary instruction, the studenta are only furnished with, the principal re- 
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agents, viz., carbooate of soda, salt of piiospiorus, borax, and solution 
of cobalt; of apparatus thej want a fluid-lamp, blowpipe with platinum 
point, platinum- pointed forceps, platinum wire, charcoal, and closed and 
open glass-tubes. Afltr having explained to them the action of the 
two cones of the flame, and instructed them in mailing beads, and cou' 
ducting the processes of oxidation and reduction, I make them perform 
the most important operations, and study the behavior of the most com- 
monly occurring substances, with and without fluxes. I give the sub- 
stances in somewhat the following order : 

Scsquioside of iron, all the reactions given in Table 11, 10. 

Peroxide of manganese. Table 11, 13. 

Sesquioxide of chromium, Table II, G. 

Oxide of cobalt, and nickel, Table II, 1, 16. 

Protoxide of copper. Table II, 8, and | 3T. 

Oside of zinc, Table II, 21, and metallic zinc g? 25, 45. 

Oxide of tin. Table 11, 22, and metallic tin ? 26. 

Oxide of lead. Tabic II, 12, and metallic lead J 23, 

Oxide of bismuth, Table H, .% and metallic bismuth U U, 22. 

Antimonons acid, Table II, 1, and metallic antimony Jg IG, 21. 

Arscnous acid, Table II, 2, ii 5, 15. 

Oxide of mercury, Table II, 14. 

Alumina, Table I, 5, and § 44. 

Magnesia, Table 1, 4, and 1 44. 

Silica, I 39. 

A sulphide, ai 10, 14, 107. 

A borate, ^ GO. 

A chloride, |^ 65, 66. 

Having performed all these operations, the student will bs qualified to 
enter upon the analjsis of substances of not too compound a character. 
If he meets on his way with bodies, the behavior of which before the 
blowpipe he has not previous'y studied, he will not have any dilliculty in 
determining their character if he follows the directions given in the 
second chapter. The modus operandi will be best understood by a few 
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1. The substance under examination is sulphide of aoUmony: 
Examination in a matrass : At a very Iiigh temperature, a black subli- 
mate is obtained, becoming reddish -brown when cold. In reading over 
the list in I 10 wo find this ebaracfer belonging to sulphide of antimon3'. 

Examination in an open glaa tul g ves sulphurous acid, detected 
by the odor and a t on o bl e 1 tn s paper, and white fumes which 
partly condense i the tube On cxim n ng the sublimate with a mag- 
nifying glass, it f u 1 t 1 G amorpho s hence must be antinionous 
acid {3 16). 

Examination on charcoal alone: is completely ToIatilizeJ with emis- 
sion of sulphurous acid, and deposits a white volatile coating, possessing 
the properties of the coating of antimony (J 21). 

These few operations nre quite sufficient to establish the nature of the 
substance under trial, since the absence of the more fixed metals is 
proved by the volatility of the substance on charcoal and in the open 
tube, and the absence of metals giving coatings by the purity of the 
antimony- coating. The presence of arsenic would have been betrayed 
bj an alliaceous odor when heated on charcoal. The only substance 
which would have escaped detection by these operations is sulphide of 
mercury. In order to ascertain its presence or absence, wo perform the 
operation given under "Mercury" in Chapter III. 

The result giving an answer in the negative, the body was " sulphide 
of antimony." 

2. The substance under examination is chromate of lead. 

Examination in a matrass: "1 fuses and changes color, but gives 

Examination in an open tube : J nothing volatile. 

Esaraination ou charcoal alone : fuses, gives small metallic globules, 
and deposits a coating which is lemon-yellow while hot, and sulphur- 
yellow when cold, indicative of lead (§ 23). It is always desirable lo 
collect the metal to a large globule, and to study its physical properties. 
This end is best attained by mixing the substance with carbonate of 
soda and a little borax, and exposing the mixture to the reduction -flame 
on charcoal. In this particular cose, a metallic button is obtained which 
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is soft, may be flattened bjtlie hammer and cat by tbe knife, properties 
belonging to metallic lead. 

Bxaminatiou witb borax and salt of phosphorus ; Before proceeding 
with this examination it is necessary to test the substance for the pre- 
sence of sulphur after the method given | lOt (unless the presence of 
this element was detected hj the examination in tbe open glass-tube or 
on charcoal alone) ; no sulphur being present, borax and salt of phos- 
phorus beads are made on charcoal, and small portions of tbe substance 
added. With both fluxes nearly the same reactions are obtained ; in 
osydation -flame dark red while hot, and fine yellowish-green when cold ; 
in reduction -flame green, hot and cold. In order to find ont what body 
produces such reactions, we use Table III, which leads us to sesquioside 
of chromium. To corroborate the result, the substance may be fused 
with carbonate of soda and niire, as described, | 68. 

The physical properties of the body under trial lead to the final con- 
clusion that it must be chromate of lead. 

3. The substance is an alloy of silver, copper, and lead, 
matrass ; 1 

ntube; J 

Examination on charcoal alone ; fuses and deposits a copious coating, 
which is lemon-yellow while hot and sulphur-yeUow when cold, indicative 
of lead (^ 23) ; the coating cannot contain any oxide of bismuth, be- 
cause the color would be darker in this case, but might contain oxide of 
zinc or oxide of antimony. To test it for the presence of the former, 
the coating is played upon with the oxydat ion- flame ; it is completely 
volatile, hence no zinc present (might also be tested with solution of 
cobalt i 45) i to test the coating for the presence of oxide of antimony, 
it is scraped off from tbe charcoal and dissolved in a bead of salt of 
phosphorus, v. f 87, or the alloy is treated with boracic acid as described 
under the head of " Antimony" in Chapter III. If the blast is con- 
tinued for a long time, a faint dark red coating is formed near the assay- 
piece, indicative of silver g TS, and a dark metallic globule remains. 

Examination with borax and salt of phosphorus; the globule remain- 
ing on the charcoal after volatilization of the lead, is treated with borax 



. , -0 change. 

Examination in an open 
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on eharooal in osiclation-flame ; the boras b a comes colored. Owing to 
the reiliicing effect of the ehareoal, the inflaence of the osid alio n- flame 
cannot be well observed on charcoal, hence the borax is removed from 
the raelallic globule, fastened into tho hook of a platina wire, and here 
exposed to the action of the oxidation-flame ; the bead is green while 
hot, and blue when cold. On consulting Table III we find that this re- 
action is produced by oxide of copper, and bj a mixture of oxide of 
cobalt and sesquioxide of iron : to decide between the two, we now 
expose the bead to the action of the reduction-flame; it becomes red and 
opaque, t!iU3 proving the presence of oxide of copper. 

Bj the examination on charcoal, per se, we were led to suspect the 
presence of silves; in order to establish this bejond a doubt, we refer to 
Chapter in, "Silver;" here we find a method (5 105) by which the pre- 
sence of silver may be ascertained in compounds of all descriptions. 
In our case, having to deal only with lead, copper, and silver^the treat- 
ment with vitrified boracic acid and metallic lead is, of course, supet- 
fluoua. We place our alloy at once on the cupel and direct the oxidalion- 
flaine upon it; if, after cessation of tho rotatory motion, the globule 
should not possess the bright lustre of silver, some pure metallic lead 
has to be added, in order to remove the last traces of copper. We finally 
obtain a bright globule exhibiting all the eh aract eristic properties of 
silver. 

Thus we have established tho presence of lead, copper, and silver. 

i. The substance under examination is copper nickel, containing 
arsenic, sulphur, nickel, cobalt, and iron. 

Examination in a matrass : gives a slight sublimate, consisting of 
octahedral crystals, pointing to the presence of arsenic (J 11). 

Examination in a glass tube open at both ends : gives a copious crys- 
talline sublimate of arsenous acid, and a fount odor of sulphurous acid ; 
to establish the presence of sulphur beyond doubt, we refer to Chapter 
III, "Sulphur," where we find the method (^ lOt) for discovering sul- 
phur when in combination with other substances. In performing the test 
there described, we obtain the sulphur-reaction. 

Examination on charcoal alone : gives abundant arsenil;al fames. 
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loaying a metallic globule wbicb, even with continued blowing, does not 
give rise to the formation of a coating on the charcoal (absence of vola- 
tile metals). 

Having removed all volatile substances, we now proceed to esamine 
tbe remaining globule. On applying a magnet, we find it powerfully 
attracted, showing the presence of either iron, nickel, or cobalt, perhaps 
all of them, either alone or combined with other non-volatilo metals. 
We add some boras to the globule and expose it to the action of the 
oxldation-iiatae, then cetnove the boras from the globule, fasten it into 
the hook of a platina wire, and here observe the color; green while hot, 
blue when cold as in the preceding case (example 3), but on exposing 
the bead to the action of the reduction-flame {which is best done by 
placing it on charcoal and touching it with tin) it does not become brown 
and opaque, showing therefore the presence of s, small quantity of iron 
with cobalt. We now add a fresh portion of T)oras to the metallic glo- 
bule, in order to see whether it consists entirely of cobalt (that it cannot 
contain any considerable amount of iron, is proved by the appearance of 
Ihe cobalt reaclioo in the first trial, iron being much more readily dis- 
solved by borai than cobalt) ; the bead is violet while hot, and assumes 
3. brownish color on cooling ; by referring to Table III, we see that this 
effect ia produced by nicltel containing cobalt. Referring to Chapter JIT, 
" Nick^," wo find the method to detect the presence of this metal when 
in combination with iron and cobalt, and also the presence of copper, if 
the assay should contain a small quantity of it. 

By the above examples the use of the methods given in the third 
chapter will ba sufficiently illustrated. If the substance under examina- 
tion is of a simple composition, its nature is readily ascertained by fol- 
lowing the general method laid down in the second chapter ; but if the 
reactions obtained clearly point to the complex nature of the body, we 
refer to the respective sections of Chapter III ; if, for example, we sus- 
pect the presence of cobalt in a mineral consisting of arsenides, we test 
the substance according to ^ 69 ; if a small quantity of copper is to be 
discovered in a mineral, we proceed as directed in ? "I, &c. 

The stuifcnt who is willing to devote more time to the subject than is 
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usually allotted to it in our colleges, will do well to go catefuUy througk 
al! the reactions given ia the second chapter, and thus familiarize himself 
with the colors and other properties of the various coatings, sablimates, 
&c., and also to perform the principal tests by which substances ate 
diseoTexed when in combination witli others, which are at length exposed 
in the third chapter. In order to obtain characteristie reaciions, it is 
important to experiment upon a suitable Bubstance. For the benefit of 
the beginner, who would naturally be embarrassed in the choice of a 
body suitable for the experiment, I add a list of substances which, with 
few exceptions, are readily obtained, *d which are sufScient to illiistrat« 
all the important reactions. After having mentioned a reaction, or de- 
scribed a process (in Chapter II and IIIjj^I have added a number in [ ] 
brackets. The number points Jo the substance of the list, below given, 
best adapted to illustrate the reaction. As each experiment requires only 
a very small quantity of the substance, they are most conveniently kept 
in smiill glass-tubes of about an inch and a half in length and one-eighth 
of an inch in diameter. For the first fourteen substances no glass-tubes 
are rcq^uired, since they are the regular blowpipe reagents. A small box 
containing ssveaty-five of the little tubes will hold the whole collection. 
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COLLECTION OF SUBSTANCES, 

Well adopted to illustrate the important ^reactions of lodies l/e/uri 
Hie hJov:plpe. 

Carbonate of soda. 



Salt of [ihosphoms. 
Bisulplnle of pota^Ei. 
Boracic noid. 

Nitrate of cobalt. 
Oialate of niokei. 



15 


Chloride of potassiu 


IB 


Btomide of potasaiu 


17 


Iodide of potassium 


IR 


CUloride of sodium 


19 


Clilonde of aoimoti 


20 


CUlorate of potassa 


21 


Aluraioa 


32 


gul[hale of coppor 


23 


Nitrate of lead. 


21 


Oxide of antimony 


25 


Ar^enous acid. 


2B 


ftiido of bismutli. 


27 


Oiida of eadralum. 



JJIoIybdioacid. 
Oside of silver. 
Biuoiide of tin. 
Tungatic acid. 
Sesqui oxide of ara 
Oxide of zino. 



Chlor 



copper. 



Arscnite of copper. 
Subchloride of mercury. 



Bismuth. 




Cadminm. 




Silver. 




Zinc. 




AQoy of mercury and tin. 


Alloy of lead 


and antimony 


Alloy of lead 


and bismuth 


Alloy of lead 


and zinc. 


Alloy of lead 


copper and s 


Alloy of tin n 


nd copper. 


Ailoy of zinc 


nd cadmium 


Rock crystal. 
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Whitherite. 
Magnesite. 



Rntile. 

Pyroluaite. 

Lepidolite. 

FranUinite. 
Pitohblende. 
Chromio iron. 
Cerusite. 
Halaohite. 



Gray nntimon j. 
Iron pyrites. 
Copper pyrites. 
MJEpiekcl. 
gmoltiDs. 
Cobaltine. 
Realgar. 
Oiunabar. 

Molybdenite. 
Berthierite 



OnofriW, or Cliuathnl 
Sulphides gf arseDi^ 



and copper (artiSnal] 
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FIRST CHAPTER. 



AUXILIARY APPARATUS AND REAGENTS. 



§ 1. The common blowpipe of gas-fitte j w 11 Lc, h not very 
well adapted for analjtical researches, aa the na w on let becomea fre- 
quently obstructed by the moisture whi h xh 1 d t m the lungs and 
condenses in the tube. To avoid this in a n th long cjlindrieal 

tube of the hlow-pipe should be furnished at th t m ty with a globu- 
lar or cylindrical chamber for the reception of the condensed water. In 
this chamber the jet is inserted at a right angle to the tube. Silver is, 
in many respects, the beat material for the construction of a blow-pipe, 
hut has the disadvantage of becoming very hot when used for a long 
while, so that it becomes almost impossible to hold it with the naked 
fingers ; next to silver stands German silver and brass. For jets, plati- 
num is preferable to all other metals. A mouth-piece of box-wood or 
ivory is convenient, though not necessary. 

1 2. Any kind of flame may be used for the blowpipe, provided it be 
not too small. Some of the older chemists used common candles in pre- 
ference, and it must be confessed that, in the majority of cases, the heat 
produced by the flame of a good sperm candle is quite sufScient. Berze- 
lius recommended an oil lamp with a fiat wieh, which is now in general 
use as " Beraelius'e Blowpipe Lamp." I find that a common fluid lamp, 
with a rather large burner, answers every purpose ; it gives a very good 
heat, and, besides being much cleaner than an oil lamp, admits of a very 
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quick and aeeurafa acijiistmeiit of the size of the flame, by raeans of a 
little brass cylinder, which is movable, and slides up and down the 
burner. The heating of substances in glsss tubes and matrasses is beat 
performed over a common spirit lamp. 

3 3. As supports, charcoal, platiaum, and glass are principally used. 
Wood charcoal is in most cases the best support. It must be well burnt, 
and not scintillate or smoke; it must leave but little ash ; charcoal of 
light wooci, as alder, &c., has been found the best. 

Platinum is used whenever the reducing action of the charcoal acts 
injuriously. It. is advantageously employed on all occasions where no 
reduction to the metallic state takes place, since the color of the flux is 
much better Seen on the platinum than on charcoal. It is mostly used 
in the shape of wire, the end of which is bent so as to form a hook, which 
Berves as support to the flus. As foil, its use is very limited. A little 
platinum spoon, of from about 12 to 15 ra. m. in diameter, is very con- 
venient for fusing substances with bisulphate of potassa or nitre. 

Glass tubes, open at both ends, are used for calcination, and for test- 
ing the presence of substances which ate volatile at a high temperature. 
The tubes should ho from 5 to 8 inches long. Of glass tabes, sealed at 
one end, or little matrasses, an assortment should always be kept on 
hand, since they are of very frequent use. 

S 4, Of other apparatus, the most necessary are ; 

A mortar of agate or chalcedony, from IJ to 2 inches in width, with 
pestle of the same material. 

A forceps of brass or Germ?,n silver, with platinum poijits. 

A forceps of steel. 

A little hammer and ajivil, both of steel and well polished. 

A three-cornered file foe cutting glass tubes, trying the hardness of 
minerals, &c. 

A little magnet. 

A pocket magnifying glass. 

A set of watch glasses, which are very convenient for the reception of 
the assay-piece, the metallic globules, 4c. 

1 5. Of reagents, Carbonate of Soda, Borax, and Salt of Phosphorus, 
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are the most important ones ; but tlicre are others, which, thongh not so 
extensively used, still are indispensable for the detection of certain sub- 
stances ; those only shall here be mentioned ; others, the use of ivhich is 
very limited, are omitted in this list. 

Cacbonate of Soda : The monoearbonale or the bicarbonate may be 
indifferently employed ; it must be perfectly free from sulphuric acid, for 
the presence of wbich it may be tested as shown J !07. The neutral 
oxalate of potassa and the commercial [fused] cyanide of potassium 
deserve in many cases the preference, their reducing powers being supe- 
rior to that of carbonate of soda. 

Borax: The commercial article is purified by crystallization, the 
crystals dried and reduced to a coarse powder. 

Salt of Phosphorus ; [double phosphate of soda and ammonia] 100 
parts of crystallized common phosphate of soda and IG parts of sal am- 
moniac are dissolved in 32 parts of water ; the solution is aided by heat, 
the !ir(uitl filtered nhile hot, and the crystals, vrhieh form on cooling, 
dried between blottmg piper. When pure it gives a glass which, on 
cooling, remains transparent; if this is not the case it must be purified 
by recryatallization It is kept as a coarse powder, 

Bisulphate of Potasaa It is employed in the fused [anhydrous] stale 
as a coarie powder, it must be kept in a bottle provided with a ground 
glass stopper. 

Vitrified Boracic Acid : Is employed in iho state of a coarse powder. 

Fluor-spar : Must be deprived of water by ignition ; must be perfectly 
free from boracic acid, which may be tested as described | Gl. It is 
convenient, to keep in a separate bottle a mixture of 1 part of finely 
powdered fluor-spar with 4J parts of bisulphate of potassa. 

Kitrate of Cobalt, in solntion : It must be pure, free from alkali, and 
[for many purposes] free from nickel ; it is kept in a bottle with a ground 
glass stopper, which, very conveniently, is so much elongated as to dip 
into the liquid. Instead of the nitrate, the oxalate of cobalt may be 
used, which, being in the shape of powder, is advantageously substituted 
for the former in travelling. 

Nitrate or Oxalate of Nicliel ; It must be perfectly free from cobalt ; it 
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ia tested with borax, with which it ought to produce a pure brown 

gi.». 

Oxide of Copper : It is best prepared hj heating tho nitrate to ignidon. 

Chloride of Silver ; It ia prepared bj precipitating a solution of nitrate 
of silver with hydrochloric acid, washing the precipitate, and making it 
into a thick paste with water, which is kept in a small glass-stoppered 
bottle. This reagent Ehould not be used with platina wire, since the 
silver fuses with the platina to an alloy; thin iron wire ia in this case 
substituted for the platina. For each experiment a fresh hook should 
ha made. 

Pure Metallic Lead : It is easily obtained pure by decomposing a solu- 
tion of the acetate by metallic zinc ; the precipitate ia repeatedly washed 
with water and then dried between blotting paper. 

Metallic Iron : In the shape of thin wire [Iiarpsichord wire]. 

Metallic Tin ; Usually in the shape of foil, which is cut into stripes 
and rolled up tightly. 

Bone-ash: In the state of very fine powder. 

Test Paper: Blue and red Litmus Paper, and Brazil Wood Paper. 

§ G. If the analytical research is strictly confined to blowpipe opera- 
tions, the above enumerated reagents are snHicient; bnt if, as is i 
times advantageously done, some simple operations of the humid method 
of chemical analysis are called to aid, the list must be somewhat ex 
tended. The most important of these reagents, all of which must be 
kept in botllea with ground glass stoppers, are; Sulphuric Acid, Hydro 
chloric Acid, Nitric Acid, Oxalic Acid, Hydrate of Potassa, Ammonia 
Carhonate of Ammonia, Chloride of Ammonium, Molybdato of Ammo 
nia, Ferrocyanide of Potassium, Ferridcyanide of Potassium, Bichloridf 
of Platinum, Acetate of Lead, Sulphuretted Hydrogen Water, Sulphy- 
drale of Ammonia, Alcohol, Distilled Water. 

The principal auxiliary apparatus are : Test-tubes and Test-tube Rack, 
small Porcelain Dishes, small Beaker Glasses, some Glass Funnels and 
Filtering Stand, Filtering Paper, Platinum Crucible, some Glass Eods 
and round Glass Plates, for covering beaker glasses, a common Spirit 
Lamp, and a Spirit Lamp willi Argand Burner. 
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SECOND CHAPTER. 



GENfiEAL ROUTINE OF BLOWPIPE ANALYSIS. 

1 7. On examining a auTwlance before the blowpipe, with a view to 
determine its Batnre or to ascertain the presence or absence of certain 
matter, it is advisable to follovf a systematic way, composed of a series 
of operations, and to attentJTely observe .the changes which the body 
undergoes under the influence of the various agents which are brought 
to act upon it. The various operations which the assay is submitted to 
are so raauj questions, to which the phenomena which we observe con. 
stltute so many answers ; and from their appearance or n on appearance, 
we are able to draw definite conclusions as to the nature of the substance 

The following order, and the rules to be observed in the execution of 
the various operations are, essentially, the same as first pointed out and 
laid down by Berzelius. 

1. Examination in a glass tube, scaled at one end, or a matrass. 

2. Examination in a glass tube open at both ends. 

3. Examination on charcoal per se. 

4. Examination in the platinum-pointed pincers, or on platinum wire 

5. Examination with borax, and salt of phosphorus. 

6. Examination with carbonate of soda. 

7. Examination with soktion of cobalt. 
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BegardiEg the siae of the assay, a piece the size of a niostatd seed will 
generally be found sufficient; larger piecea, without showingthe reaction 
more diatinctly, requiring so much more labor. In some cases, however, 
it is adTsntageous to employ a greater quantity, ex. gr, in reductions, or 
in heating in a glass tube ; foe the larger the metallic globule, and the 
greater the amount of the sublimate produced, the more readily can its 
nature be ascertained. 



ExaminaiioH in a closed Glass Tube, or a Matrass, 

1 8. The assay-piece is introduced into a glass tube, sealed at one end, 
or into a small matrass, and heat applied by means of a common spirit 
lamp. The beat must at first be very low, but may be gradually raised 
to redness, if necessary. By Ibia treatment we learn : 

^ 9. I. Whether (he substance is entirely or partly volatile or not. 

Among the phenomena to be observed, the following are deserving of 
particular attention; 

The substance gives out water whuh partly escapes and partly con- 
denses in the colder portion oi the tibe Th s points to the presence of 
a salt containing water of crjstall zat on [No 22], or to the presence of 
a hydrate, or to such salts which contaii water mechanically inclosed 
between the lamina; of the crystals [Nu 18] in this case the body usu- 
ally decrepitates. The drops ot condensed water are to bo examined 
with test paper; an alkaline reaction denotes the presence of ammonia, 
an acid reaction the presence of some volatile acid, as sulphuric, nitric, 
hydrochloric, hydrofluoric acid, &c. 

1 10. The substance gives out a gas or vapor. Those of most usual 



a. Oxygen, easily recognized by rekindling into flame a match which 
has been extinguished so as to leave only a spark at the extremity; 
points to the presence of a peroxide, nitrate, chlorate, bromate or iodate 
[No. 20]. 

h. Snlpburous acid, easily recognized by its peculiar odor and action 
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OIL blue litmus paper; indicates the presence of a sulphate or sul- 
phite [No. 22]. 

c. Sulphuretted hydrogen, recognized by ita peculiar odor ; indicates 
the presence of sulphides containing water. 

d. Nitrous acid or peroxide of nitrogen, recognized bj its deep orange 
red color and acid reaction ; indicates the presence of a nitrite or 
nitrate [No. 23]. 

e. Carbonic acid, recognized by causing a turbidity in a drop of lime- 
water suspended from a watch-crystal and exposed to the escaping gas ; 
points to the presence of a carbonate. 

f. Cyanogen, recognized by its peculiar odor and by burning with a 
crimson flame; indicates the presence of a cyanogen-compound. 

g. Ammonia, reeogniaed by its odor and alkaline reaction; indicates 
(he presence of an ammoniaca! salt or of on organic nitrogenous sub- 
stance ; in the latter case, the mass usually blackens, and evolves at the 
same time either cyanogen or empyreumatic oils of offensive odor [No. 3]. 

J 11. The substance yields a sublimate. The sublimate is either 
white or possessed of a peculiar color. White sublimates are formed by 

a. Many salts of ammonia ; on removing the sublimate from the tube, 
placing it on a watch-crystal, adding a drop of hydrate of potassa, and 
applying heat, ammonia is evolved [No. 19]. 

6. The chlorides of mercury; the subchloride sublimes without pre- 
vious fusion ; the protochloride fuses first, then sublimes ; the sublimate 
is yellow while hot, but becomes white on cooling [Nos. 39 and 40]. 

c. Oxide of antimony ; it fuses first to a yellow liquid, then sublimes ; 
the sublimate consists of lustrous needle-shaped crystals [No. 24], 

d. Araenous acid; the sublimate consists of octahedral crystals [No. 
25]. 

e. Tellurous acid ; shows a reaction similar to that of oxide of anti- 
mony, but requires a much higher temperature; the sublimate is amor- 
pbon,. 

Sublimates possessed of metallic lustre, so-called metallic mirrors, are 
formed by : 

a. Metallic arsenic and arsenides containing more than one equivalent 
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of arsenic to two of metal, also, some sulph-arsenides [No. 77] ; cutting 
the tube below the sublimate, and exposing the mirror to gentle heat in 
the flame of a spirit-lamp, the peculiar odor of arsenic is perceived. 

b. Mercury, amalgams, and some salts of mercury ; the sublimate con- 
siats of minute globules of metallic mercury, which, by friction with a 
piece of copper wire, readily unite to larger globules [No. 4T]. 

c. Some alloys of cadmium. 

d. Tellurium; only at a very high temperature; the sublimate con- 
sists of small globules, which solidify on cooling. 

Sublimates possessed of distinct color are formed by; 

a. Sulphur and sulphides containing a large amount of sulphur; the 
sublimate is from deep-yellow to brownish-red while hot, but pure sul- 
pKur-yellow when cold [No. 75]. 

b. The sulphides of antimony, alone or in combinalion with other sul- 
phides i the sublimate forms only at a very high temperature, and is de- 
posited at a short distance from the assay-piece ; it is black while hot, 
reddish-brown when cold [No. 74]. 

e. The sulphides of arsenic and some compounds of metallic sulphides 
with arsenides ; the sublimate is dark brownish-red while hot, but from 
reddish-yellow to red when cold [No. 80J. 

d. Cinnabar; the sublimate is black, without lustre, and yields a red 
powder on being scratched with a knife [No. 81]. 

«. Selenium an"d some selenides ; the sablimate appears only at a high 
temperature, is of a reddish or black color, and yields a dark-red powder ; 
at the open end of the tube the peculiar odor of selenium (resembling 
rotten horse-radish) is perceived [No. 87]. 

J 12. 2. Whether the substance undergoes any change, or remains 
unaltered. 

Many substances, under this treatment, suffer physical changes ivith- 
out being affected n th h n 1 constitution. A great many miner- 
als, when heated d p at hers phosphoresce, aa fiuor-spar and 
apatite. Them t mp rta t f these physical changes, is that of color: 
from white to y 11 w and wh to again on cooling, points to oxide of 
zinc [No. 36] ; f m wh te to y Uowish-btown, dirty pale-yellow on cool- 
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ing, points to oxide of tin [N"o, 33]: from white to brownish-red, yellow 
when cold, and fusible nt a red tent, points to oxide of lead [No. T2] ; 
from white to orange-yellow or reddish-brown, pale-jellowwhen cold, and 
foGiMe at a bright red heat, points to teroxide of bismnlh ; from red lo 
black, and red again on cooling, paints to aesquioxide of iron [Ko. 64]. 



Examinaiion in a Glass Tube open at huih ends. 

3 13. The aasaj-piece is introduced into the tube to a depth of about 
half an inch, the end to which it lies nearest slightly inclined, and heat 
applied. The air contained in the tube becomes heated; it rises, 
escapes from the upper end, and fresh air enters from below. In this 
manner a calcination is effected, and many substances which remained 
unchanged when heated in a matrass, yield sublimates or gaseous pro- 
ducts when subjected to this treatment, owing to the formation of Tola- 
tile oxides. 

By this means we can easily detect the presence of the following sub- 
stances : 

S 14. Sulphnr ; sulphurous acid is formed, which is characterized by 
its peculiar odor and action on moistened litmus paper [No. 75]. 

I 15. Arsenic; if present in sufficient quantity it yields a white and 
very volatile sublimate of arsenous acid, consisting of minute octahedral 
crystals; by application of gentle beat it may be driven from one place 
1o another [No. 77]. 

1 16. Antimony ; white fumes of antimonous acid are given out which 
partly escape, and partly condense in ibe upper part of the tube. The 
sublimate is a white powder, and may, if consisting of pure antimo- 
nous acid, be volatilized by heat. In most cases, however, the oxidation 
proceeds fiirther, and the antimonate of the oxide of antimony, a non- 
volatile white powder, is formed [No. 41]. 

I 17. Metallic Bismnth ; it is converted into oxide, which condenses at 
a short distance from the assay, and which, by heat, may be fused to 
brownish globules [No. 43]. 
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Mercury and amalgams ; yield sublimates of metallic mercury [No. 
ill 

1 18. Tellurium and tellurides; tellurous acid is produced, which coq- 
denses in the upper part of the tube U> a white non-volatile powder; on 
application of heat it fuses to colorless globules. 

Selenium and selenides ; evolve a gaseous oxide of a peculiar odor, 
resembling that of rotten horso-radish [No. 85]. 



Examination on Charcoal per se. 

i 19. In examinations of this kind, particular attention mnst be paid 
to the odor of the escaping gases, and to the color and other properties 
of the rings, or coatings, which form on the charcoal around the assaj- 
piece. The interior [reduction fiame, R Fl] and exterior [oxidation 
fiame, Fl] cones of the flame acting in an opposite sense, the phe- 
nomena produced will be very different ; hence, two assays should always 
be made, exposing the substance first to the action of the OPI and then 
to the action of the R Fl. The following bodies undergo, when submit- 
ted to this treatment, characteristic changes. 

5 20. Arsenic: It is volatilized without previous fusion, the Ch is 
covered with a white Ct, which is far distant from the assay-piece, and 
which is produced by both the Fl and R PI ; the Ct is very volatile, 
and is easily driven away by the Blp flame, emitting the peculiar allia- 
ceous odor characteristic of arsenic [No. 42]. 

§ 21. Antimony: It enters readily into fusion and covers the Ch with 
whi1« oxide i the ring ia not so far distant from the assay piece as in the 
ease of arsenic; it may be driven away by the Blp flame, but is not so 
volatile as that of arsenic, and does not emit an alliaceuus odor Metal 
lie antimony, when fused on Ch and heated to rednes' remains i 
considerable time in a slate of ignition without the aid of tht Blp, di^ 
engaging, at the same time, a thick white smoke, which is partly depo- 
sited on the Ch atoand the metallic globule in white crystals of a pearly 
lustre [No. 41], 
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I 22. Biamutii : It fiisea readily in both flamea and covers the Ch with 
oxide, which is dark orange -yellow while hot and lemon-yellow when 
cold. The yellow Ct is usually surrounded by a white ring, consisting 
of carbonate of bismuth. The Ct is somewhat nearer the assay than 
that of antimony; it may be drivetfaway by both flames; but tlie oxide 
of antimony, when played upon with the R Fl, imparts to the flame a 
gceenish-blae tinge, which the oxide of bismuth does not [No. 43]. 

J 2.1. Lead ; It fuses easily and coats the Ch in both flames with oxide, 
which is dark lemon-yellow while hot and sulphur-yellow when cold; in 
thin layers it is bluish-white and consists of carbonate. The Ct is found 
at the same distance from the assay as that of bismuth ; it may bo driven 
away by both flames ; when played upon with the R Fl it imparts to the 
flame an azure-blue color [No. U]. 

S 24. Cadmium : It fuses readily ; exposed to the Fl it bnrns with 
a dark-yellow flame, emitting brown fumes of oxide which cover the Ch 
aronnd the assay. This Ct is very characteristic; it is, when cold, of a 
reddish-brown color, in thin layers orange-yellow ; it is easily volatilized 
by both flames, without imparting a color to them [No. 44] . 

§ 25. Zinc I It fuses readily; exposed to the PI it burns with an in- 
tensely luminous greenish-white flame, emitting at tbe same time a thick 
white smoke which, partly condensing on the Ch, covers it with oxide, 
yellow while hot and white when cold. The Ct when played upon with 
the Fl becomes luminous, but does not disappear [No. 46]. 

I 2(1. Tin ; It fuses readily ; exposed to the Fl it is converted into 
oxide, whltlf may be blown away and thus be made to appear as a Ct ; 
it is always found closely surrounding the assay-piece, is slightly yellow 
and luminous while hot, white when cold, and non-volatile in both 
flamea. Exposed to the R Fl the molten metal retains its bright metal- 
lic aspect [No. 13]. 

I 2T. Silver: When exposed for a long time to the action of the E Fl 
it yields a slight dark-red Ct of oxide [No. 45]. 

J 28. Selenium; It fuses very readily in both flames with disengage- 
ment of brown fumes ; at a short distance from the assay a steel-gray Ct 
ofafeeble metallic lustre is deposited; played npon witli the R Fl it dis- 
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appears with emission of a stroog odor of rotten horse-radisb, at the same 
tJnie imparting to tfie flame a fine blue color [No. SI], 

I 29. Tellnrium : It fuses very readily aud coats the Ch in both 
flames with tellurous acid ; the Ct is not very far distant from the assay ; 
it is of a white color with a red or dark-yellow edge ; played upon with 
the E Fl it disappears, imparting to the flame a green tinge. 

^ 30. Besides the above named metals there are some other ^b stances 
which, when treated before the Blp upon Ch cover it with coatings, 
which may be driven away when played upon with the Fl, and wliich 
show in many cases a great resemblance to the Ct produced by anti- 
monj. Among the bodies possessing this property the following are the 
most frequently occurring ones ; 

The sulphurides of potassium, sodium, and lithium. 

The chlorides of ammonium, potassium, sodium, and lithium. 

The chlorides of mercury, antimony, zinc, cadmium, lead, bismuth, 
tin, and copper. 

The bromides and iodides of potassium aod sodium. 



Exaininaiioji in, the Pla/i/ium-poinied Pincers. 

i 31. This experiment serves a double purpose. It acquaints us with 
the degree of fusibility of the assay, aud shows the presence or absence 
of such substances which possess the property of imparting to the Came 
a peculiar color. Many metals, the sulphurides, and some other com- 
pounds act npon metallic platinum at a high temperature; the fusi- 
bility, &o., of such substances ought to be tested on Ch. Others, again, 
fuse so easily that they cannot be held a sufficiently long time between 
the pincers to observe the color which they impart to the florae; they 
are most conveniently attached to the hook of the platinum wire, which 
is best done by heating the wire to redness and then touching the powder 
of the assay with it ; a sufficient quantity generally remains adhering to 
the wire. 

Some minerals decrepitate violently as soon as they are touched with 
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the flame ; in such cases, Berzelius advises to powdev tlie siibstanee very 
finely in an agate-mortar with addition of a little water, to place one or 
two drops of the mixture on a piece of Ch, and to gently htat it by 
means of the BIp flame until the mass lies loosely upon the Gh; it may 
then be taken up and held by the pincers. The same process is ad- 
vantageously employed with substances which fuse only at a very high 
temperature. In all other cases the substance is roughly powdered and 
h thin piece wliicii shows prominent edges selected for the experiment. 

The assay ia exposed to the action of the inner cone of the flame, 
when the outer cone may exhibit the following changes of color ; 

J 32. 1. Yellow. 

Soda and its salts cause an enlargement of the outer flame, and im- 
part, at the same time, an intense reddish- ye How color [No. 18]. The 
presence of other substances which also possess the property of coloring 
the flame, but not in so high a degree, does not prevent the reaction. 
Silicates containing soiJa, exhibit the same phenomenon lo a smaller oc 
greater extent, according to their degree of fusibility and the amount of 
soda which they contain [No. e2]. With many salts of soda, which do 
not exhibit the reaction very distinctly, it can be produced by mixing 
the salt with some chloride of silver to a paste (v. ^ 5), fastening it to 
the hook of a thin iron-wire, and then exposing it to the acdon of the 

J .13. 2. Violet. 

Polassa and many of its salts impart to the outer flame a distinct 
violet color [No. 15]. The presence of a small quantity of a salt of soda 
or lithia prevents the reaction. An addition of chloride of silver favors 
the reaction with the carbonate, nitrate, and some other salts of potassa. 

I 34. 3. Red. 

Lithia and ils salts impart to the outer flame a flne carmine-red color 
[No. 63] i the chloride of lithium shows the reaction better than any 
other salt. The presence of a salt of potaasa docs not prevent the reac- 
tion ; the presence of even a small quantity of a salt of soda changes the 
color to yellowish-red. An addition of chloride of silver favors the 
reaction with many salts of lithia. 
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Chloride of stroiitiuni Qiid some other salts of strontia, ex. gr. the 
carbonate ami the sulphate, color tiio outer flame, immediately or after a 
while, carmiue-red [No. 51]. The presence of barjta prevents the reac- 
tion. The carbonate and sulphate of sirontia eliow the reaction remark- 
ably well when mixed with chloride of silver and heated on iron-wire 
(v. I i). 

Chlocidc of calcium, calcareous spar, many compact limestones, and 
fluor-spar, color the outer flame. Immediately or after a while, red ; the 
color ia not so iatense as that produced by strontia. Gjpsum and anhy- 
drite impart at first ft pale yellow, afterwards a red color of little ia- 
tensity [No. 56]. An addition of chloride of silver usually increases the 
intensity of the color. 

5 35. 4. Green. 

Chloride of barium, carbonate and sulphate of baryta, color the outer 
flame yellowish-green. The presence of lime does not prevent the reac- 
tion [No. 58]. An addition of chloride of silver makes the color much 
more intense. 

Oside of copper and some of its salts, ex. gr. the carbonate, sulphate, 
and nitrate, impart to the outer Came a fine emerald-green color. 
Iodide of copper and some silicates containing copper, ex. gr, dioptase 
and ehrysocolla, act in the same manner [No. 1i]. An addition of 
chloride of silver produces increased intensity of color. 

Phosphoric acid, phosphates, and minerals containing phosphoric acid, 
impart to the outer flame a bluish-gteen color [No. 3]. 

Boracic acid colors the outer flame yellowish green (green&nch color) 
[No. 5] ; if a small quai\tity of soda is present the color is mixed with 
yellow, 

Moljbdic acid, oxide of molybdenum, and the native sulphide of 
molybdenum, color the outer flame yellowish-green, like baryta [No, 83]. 

Tellurous acid enters into fusion, emits white fumes, and colors the 
outer flame grti'n, 

?3G. 5. Blue. 

Arsenic and some arsenides, ex, gr. smaitine and copper-nickel [No. 
82] when heated on Ch impart a light-blue color to the outer flarne. 
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Some ariseoates, ex. gr. scomdite and cobalt bloom, exhibit the same 
phenomenon in the pincers. 

Antimony, fused on CH in R Fl is surrounded bj a very feeble bluish 
light [No. 41]. 

Metallic lead, fused on Ch in R Fl is surrounded by an azure-blue light. 
Many sails of lead, heated in the pincers or on platinum wire, impart an 
intense azure-blue color to the outer flame [No. 11]. 

Chloride of copper colors tbe outer flame intensely aznre-blue; after a 
while the color becomes green, owing to tbe formation of oside of copper 
[Ho. 37]. 

Bromide of copper colors the outer flame greenish- blue; after a while 
the color changes to green. 

Selenium, fused on Ch in R Fl vaporises with an azure-blue light. 



Examination with Borax and Salt of Fhospkonia. 

J 37. The examination of the assay with borax and salt of phosphorus 
is eminently adapted to detect the presence of metallic osides, a great 
number of them possessing the property of being at a high temperature 
dissolved by these fluxes with a peculiar color. ITnoxidiaed metals and 
metallic sulphides, arsenides, &c., differ in this respect very materially 
from the pure oxides ; hence it is necessary, before performing the ex- 
periment, to convert all such substances into oxides. This is effected 
by calcination, on Ch or in an open glass tube. The finely powdered 
assay is placed on Cll and alternately treated with tlie Fl and R Fl, 
and this process is repeated until the substance no longer emits, while in 
the incandescent stale, the odor of sulphur or arsenic. The heat mnst 
never be raised so high as to cause fusion, and between every two suc- 
ceeding calcinations the assay should be taken from the Ch and freshly 
powdered. 

The experiment is generally made on platinum wire, where the color of 
the bead is more readily observed; Ch is used only in such cases where 
the subalaace under examination contains metallic oxides which are 
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easily reduced. It is not sufficient to observe llie color of the bead after 
cooling; but all changes of color which take place during the action of 
the flame, and through all the various stages of cooling, should be care- 
fully noticed. 

Some substances possess the property of forming a limpid glass with 
boras, which preserves its transparency on cooling, but which, if slightly 
heated in the Fl becomes opaque, when the flame strikes it in an une- 
qual or intetmitlent manner. This operation has received the name of 
"flaming," and any substance thus acted upon is said to become "opaque 
by flaming." 

The third and fourth columns of Tables I and II exhibit the behavior 
of the most important oxides to borax and salt of phosphorus. 

In Table III the oxides are arranged with reference to the color which 
they impart to the beads in O Fi and R Fl. 



Examination with Carbonate of Soda. 

? 38. Ill subjecting a body to the treatment with Sd we have to direct 
our attention to two points. 

Some substances unite with Sd to fusible compounds, others form in- 
fusible compounds, and others again are not acted upon at all ; in the 
last case the Sd is absorbed by the Ch and the assay is left unchanged. 
With Sd unite to fusible compounds with effervescence : 

I 39. Silicic acid ; it fuses to a transparent glassy bead which, after 
cooling, remains transparent if the Sd has not been added in excess 
[So. 54]. 

Titanic acid ; it fuses to a, transparent glassy bead which, when cold, 
is opaque and of crystalline structure [No. 65]. 

Tungatic and molybdie acids ; the mass, after the union has been 
effected, is absorbed by the Ch [No. 31 and Ko. M]. 

The salts of baryta and strontia form with Sd fusible compounds which 
are absorbed by the Ch [Ko. o1 and No. 58]. 

§ 40. The second point to be observed is the elimination of metallic 
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matter. Of the meUllic oxides, when treated with Sd on Ch in E Fl, 
are reduced : the oxides of the noble metals and the osides of arsenic, 
antimony, bismuth, cadmium, copper, cobalt, iron, lead, mercury, nickel, 
tin, Klnc, molybdenum, tungsten, and lelluiium Of these, arsenic and 
mercury vaporize so rapidly that Irequentlj not eien a coating is left on 
the Ch. Antimony, Ijismath, cadmium, leid, zinc, and lellurium are 
partly volatilized and form distinct coatings on the Ch. The non volatile 
reduced metals are found mixed np with the Sd. To separate them 
from the adhering Sd and Ch powder, we may proceed in the following 

The fused mass of Sd and metal, and the portion of the Ch immedi- 
ately below and around the assay, is placed in the little agate mortar, 
rubbed to powder, the powder mixed with a little water, and stirred up. 
The heavy metallic particles settle to the bottom, part of the Sd dis- 
solves, and the Ch powder remains suspended in the water. The liquid 
is carefully poured off, and the residue treated repeatedly in the sama 
manner until all foreign matter is removed. The metal remains behind 
as a dark heavy powder or, when the metal is ductile and easily fusible, 
in the shape of small flattened scales of metallic lustre. If the substance 
under ejiamination contained several metallic oxides, the metallic mass 
obtained is usually an alloy, in which the several metals may be recog- 
nized by processes to be described hereafter. It is only in some excep- 
tional cases that separate metaSic globules are obtained, ex. gr. in 
substances containing iron and copper. 

For a more detailed account of the behavior of the various metallic 
oxides ander this treatment, see the second column of Tables I and II. 

J 41, The examination with Sd is usually performed on Ch in the 
R Fl, and, as a general rule, the flux is added successively in small por- 
tions. This is particularly necessary when the assay is to be tested for 
its fusibility with Sd, since a great many minerals, &c., behave very 
difierentiy with different quantities of the flux. 

S 42, Instead of carbonate of soda, the neutral oxalate of potassa or 
cyanide of potassium may be advantageously used for all experiments of 
reduction, since these reagents exercise a more powerful reducing action 
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than common 8d. They are, for this reason, frequently employed when 
the presence of such metallic oxidea is suspected, whose conversion into 
metals require high temperatures and Iho aid of a tery efficient deosi- 
dizing agent. 

Examination with Solution of Cobalt. 

\ 43. A few substances, ithen moistened with a Eoln^on of nitrate of 
cobalt and exposed to the acfiou of the Fl, assume a peculiar color. 
The use of this test is, however, very limited, since the reaction can only 
clearly be seen in such bodies which, after having been acted upon by 
the Fl, present a white appearance, or nearly so. 

I 44. Substances which are sufficiently porous to imbue a liquid, are 
merely moistened with a drop of S Co, placed intfl the platinum -pointed 
pincers, and treated with the Fl. Other substances must be powdered, 
the powder placed on Ch, wetted with a drop of S Co, and treated as 
above. The color can Mily be distinguished after cooling. A bluish 
color, of more or less purity, indicates the presence of alumina [No. 21] ; 
and a pale-reddish color [flesh-color] that of magnesia [So. 59.] It 
must, however, be borne in mind, that the alkaline and some other 
silicates, when heated with S Co to a temperature above their fusing 
point, also assume a blue color, owing to the formation of silicate of co- 
balt. In testing for alumina, therefore, the heat must not bo raised so 
high as to cause fusion of the assay. In testing for magnesia this pre- 
caution is not necessary ; on the contrary, the color will appear the 
brighter and the more distinct, the higher the temperature to which the 

§45. Aroong the oxides of the heavy metals, those of zinc and tin 
assume characteristic colors with S Co. The reaction is best seen when 
the assay, alone or mixed with 8d, is exposed to the R Fl on Ch. The 
ring of oxide which is deposited around the assay is then moistened with 
S Co and treated with the Fl. Oxide of zinc takes a fine yellowish- 
green, and oxide of tin a bluish-green color [No. 36 & No. 3.^]. 

1 46. Besides the compounds above mentioned there are some others 
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whicli, when exposed to the action of S Co and Fl, experience a change 
of color. These bodies are either of verj rare occurrence, or the change 
produced in them is not sufficiently distinct. It will, therefore, be suffi- 
cient merely to mention the names of the compounds and the color which 
S Co imparts to them; 

Baryta [brownish-red], tantalic acid [flesh-color], zirconia and phos- 
phate of magnesia [violet], titanic acid, niobic acid, and antimonic acid 
[green], strontia, lime, glncina, and pclopic acid [gray]. 
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THIRD CHAPTER. 



SPECIAL REACTIONS FOR THE DETECTION OF CERTAIN 
SUBSTANCES WHEN IN COMBINATION WITH OTHERS. 

1 41. The preceding chapter and accorapanjing tables show the 
changes which many of the simple chemical compounds undergo when 
bealcd, or when treated with the usual blowpipe reagents. The reac- 
tions are sufficiently characteristic to distinguish the rarlous compounds 
from each other, ao that, when any of the above named substances in a 
pure state is under examination, there is no difficulty to determine its 
nature. This, however, is not of frequent occurrence, and in the majority 
of cases the body to be tested will be of a more complex nature. The 
results of the experiments will vary accordingly. For instance, an ore of 
coball:, containing iron, will not imparl to the bead of Bx or S Ph in the 
Fl a bine color, but a green one, resulting from the mixture of the 
blue of cobalt and the yellow of iron ; load, when accompanied by anti- 
mony, deposits a dark-yellow coating on Ch resembling that of bismuth, 
&o. In such eases we may often, by attentively observing all the phe- 
nomena which present themselves, and by carefully comparing the ccsulla 
obtained by the various experiments, detect many, if not all, of the com- 
ponents of the substance under examination. Sometimes wo attain this 
end quicker by varying the order, or by introducing auxiliary agents into 
the series of experiments ; and in other cases, again, it is only to be ar- 
rived at by subjecting the assay to treatments different from those men- 
tioned in the preceding pages. 

This chapter contains the principal reactions for the detection of sub- 
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stances which require the application of peculiar agents, and the methods 
for ascertaining the presence of certain bodies when in combination with 
others. The alphabetical arrangement will be found of practical use. 
Ammonia. 

I 48, Small quantities of ammonia are best detected by miKing the 
powdered assay [No. 19] with some carbonate of soda or caustic potassa, 
introducing the mixture into a glass tube, sealed at one end, and applying 
heat. The escaping gas is characteriKed by its odor, and by its action on 
reddened litmus paper. From the appearance of this reaction we are, 
however, not authorized to infer the pre-existence of ammonia in the 
assay, since from organic matter containing nitrogen, when subjected to 
this treatment, ammonia is evolved as a product of decomposition. 
Antimony. 

The reactions ofantimouyand its compounds, see |11, g 16, ? 21, J 36, 
and Table 11, 1. 

1 49. In presence of lead or bismuth, antimony can not be detected by 
its Ct on Ch. In this case the metallic compound [No. 48, or No. 85] is 
treated with vitrified boraeic acid on Ch, the flame being so directed that 
the glass is always kept covered with the blue cone, the metallic globule 
being on the side ; by this means the metals become oxidized, the oxides 
of lead and bismuth are absorbed by the boracie acid, and the antimo- 
nous acid will form a ring on the Ch, provided the temperature was not 
raised too high. 

J 50. When combined with metals from which it is not easily sepa- 
rated, ^. gr. copper, the evaporation of the antimony takes place so 
slowly that no distinct Gt is produced. In this case the assay [No. 8Gj 
is treated with S Ph on Ch in the Fl, until the antimony, or at least 
part of it, has become oxidized and entered into the flux. The glass is 
now removed from tlie metallic globule and treated on another place of 
the Ch with metallic tin in the K Fl ; the presence ot antimony will cause 
the glass to turn gray or black on cooling [T«ble II, 1]. Bismuth be- 
having under these circumstances in the same manner, the presence of 
Ibis metal makes the reaction not decisive fur antimony. The humiii 
way has then to be resorted to. 
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J 51. When the oxidca of antimony are oecompanjed by auth metallic 
oxides which, when reduced on Ch, fnse with the metallic antimony to 
an alloy, as ia ex. gr. (ho case with the oxides of tin and copper, the latter 
cannot be recognized by a simple reduction. The oxides have to be trealcd 
with a mixtnre of Sd and Bx on Ch in the R FL The little metallic 
globules ate separated from the flux, and fused with from three to five 
times their own Tolnme of pure lead and some vitrified boracic acid in 
the R Fl, care being taken to play with the flame only on the glass. Anti- 
monous aciil is yolatilized, depositing the eliaraet«ristie ring, while the 
oxides of the other metals are absorbed by the boracic acid. 

S 52. The sulphides of antimony, when heated in the open glass tube, 
show the reaction mentioned 1 16. When accompanied by sulphide of 
lead [No, SS], only a small pact of the antimony is converted into anti- 
roonous acid, which sublimes ; the remainder is changed into a while 
powder consisting of a mixture of antimonate of oxide of antimony, sul- 
phate of lead, and antimonate of lead. When a compound containing 
sulphide of lead or bismuth, besides sulphide of antimony, is heated on 
Ch in the R Fl, a Ct is deposited consisting of antimonous acid mixed 
■with sulphate of lead or bismulh and, nearer to the assay, a yellow one 
of the oxides of lead or bismuth ; how in such a case the presence of 
antimony may be aaceriained v. ^ 87. 

g 53, To detect a small amount of sulphide of antimony in sulphide of 
arsenic, Plattner strongly recommends the following method, by which 
he obtained very decisive and satisfactory results ; The assay [Xo. 88] 
is introduced into a glass tube, sealed atone end, and gently heated; the 
sulphide of arsenic is volatilized and the greater part of the sulphide of 
antimony remains as a black powder in the lower end of the tube; this 
end is cut off, the black substance taken out and transferred to a tube 
open at both ends. By applying heat the characteristic antimony -reac- 
tion will appear. 

Arsenic. 

The reactions of arsenic and its compounds, see 3 11, g \5, i 20, I :U, 
and Table 11, Z. 

I 54. All metallic arsenides yield when heated in the open glass tube, 
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a sablimate of araeaoua acid (v. ? 15), and most of them evolve a garlic 
odor (v. I 20) when heiited on Ch in B Fl [No, 77]. Some metals, ex. 
gr. nickel and eolialt, have a great affinity for arsenic, so that, when only 
a small ([uantitj of the laiter is present, the charaeteriatio odor is not 
observable ; in aaeh cases it is sometimes produced when the metallic 
componnd is fused on Ch with some pure lead in the Fl. 

^ 55. The sulphides of arsenic, heated in the open glass tube, evolve 
sulphurous acid and yield a sublimate of arsenons acid. To show in a 
very decisive manner the presence of arsenic in any of its combinations 
with sulphur, the powdered assay [No. 80] is mixed with six parte of a 
mixture of equal pacts of cyanide of pofassinm and carbonate of soda, 
the mass introduced into a tube sealed at one end, and heat applied, at 
iirst very gently but gradually raised to redness. A ring of metallic 
arsenic will be deposited in the colder part of the tube. 

I 56. When sulph-arsenides are heated on Ch, the whole of the arsenic, 
especially when only small quantities are present, may pass off in combi- 
nation with sulphnr; but when such compounds [No. 88] are mixed 
with from three to four pa.rts of cyanide of potassium and exposed to the 
B Fl, sulphide of potassium is formed and the arsenic escapes with its 
peculiar odor. 

^ 51. To delect a very small quantity of arsenons acid, the following 
way may be pursued; a glass tube provided with a small bulb at one end 
is close above it narrowly drawn out; the assay [No. 38] is introduced 
into the bulb, and a charcoal splinter placed into the tube ; the narrow 
aperture through which the tube commanicates with the bulb prevents 
the Ch from coming in contact with the substance. The tube is then 
heated to redness at the place where tlie charcoal splinter lies, and as soon 
as this is incandescent, heat is also applied to the bulb. The arsenons acid 
is volatilised and its vapors, while passing over the red hot charcoal, 
become reduced and deposit a black metallic ring of arsenic in the colder 
part of the tube. By cutting the tube below the ring and heating this 
part by the flame of a spirit-lamp, the arsenic is volatilized, thereby 
emitting its characteristic odor. 

g 58. To show the presence of arsenic in avsenites and arsenates, it 
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will in moat cases be sufficient to mix the substance [No. 38] with car 
bonate of soda and heat it on Ch in E Fi. Sometimes it is necessary tc 
treat the assay with a mixture of carbonate of soda and cyanide of potas 



sium in the manner mentioned, | 55 ; and in other 
but small qnaiititiea of arsenona or arsenic acid i 
metallic oxides which are readily reduced, reconrse ] 
humid way. 

Bismuth, 

The reactions of bismuth and its compouuds, sec ( 
Table II, 3. 

I 59. Bismuth when alloyed with other metals, or ■ 
combination with other sulphides, is in many cases, : 
so when accompanied by lead or antimony, not to 
ring which it deposits on Ch. In such a case thi 
treated on Ch until a copious yellow Ct is formed, 
scraped off from the Ch and dissolved i 
Fl. The colorless bead is removed from the 



,ses again, where 
i eonibined with 
ist be had lo the 



I 12, ^ 17, ? 22, and 

when as sulphide in 
and most especially 
be detected by the 
i assay [No. 49] is 
The Ct is carefully 
platinum wire with the 
placed on Ch, a 



little metallic tin added, and the whole exposed to the K FI. 



If hismuth 
hiaek color. 



) behavior, the assay, if n 
n the Fl until tl 
iss treated ( 



The oxidea of antimony showing t 
quite free from antimony, has to be treated o 
whole of it has been volatilized, and the r 
another piece of Ch as above mentioned. 

Boracic Acid. 

J 60. With many borates, which do not 
peculiar yellowish-green color [v. g 3a], tl 
by reducing the substance [No. 2] to powder 
trated sulphuric acid, fastening the it 
wire, and playing on it with the blue cone of the flame. 

I 61. Another way, and by which even a very small quantity of boracic 
acid in salts and minerals may be detected, is : to reduce the substance 
to a very fine powder, to mix it with from 3 (o 4 parts of a mixture of 4i 
parts of bisulphate of potassa and I part of fluorspar, and to knead the 
whole with a little water into a thick paste. This mnss is then fastened 



! outer flame the 
nay be produced 
(, adding a drop of concen- 
.0 the hook of the platinum 
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to a plEitiinini wica, and lixposetl to tlie blue cone of the flame. While 
the mass enters into fusioii fluoboL'ic acid is formed which, on escaping, 
colors the fliime intensely yellowish-green. The reaction appearing some- 
times only for a fen- seconds, the flame should be very attentively watched 
during the whole time of the experiment. 
£r amine. 

g G2. Bromides treated with S Ph and oxide of copper on platinnm 
wire, or treated with sulphate of copper on silver foil, show the same re- 
action as chlorides {v. J G6), with thia difference, that the blue color of 
the outer flame is rather greenish, espeoiallj on the edges [Ko. IGj. 

2 G3. To disociminate bromides from chlorides more distiuotly, tlie 
bromide is fused with bisulphate of potassa, both iu the anhydrous state, 
iu a small matrass with long neck. Sulphurous add is evolved, and the 
matrass is filled with yellow vapors of hromina, characterized by their 
peculiar odor. The color of the gas is only clearly seen at daylight. 
Cadmmm. 

The reactions of cudmimn and its coinpouiida, see || 11, 24, and 
Table II, 4. 

|G4. To detect avepyEiiiallquaiitityofcadaiimii, oiiepercent. orlet^ 
in 7,)V\c or its ores, the pnlrorized assay is mixed with. Sd and exposed fto: 
a short time to the RFl on Ch. A distinct Ct of oxide of cadmium is 
deposited. The zinc heing less volatile, evaporates only with continued 
blowing [No, 53], 
C'hlorwe. 

I C5. Some oxide of copper is dissolved by means of the OFlin ahead 
of SPh on platinum wire, until it has assumed a deep greeu color. Some 
grains of the pulverized assay [Ko. 18] are then made to adhere to the 
bead, and both heated with the blue cone of the flame. If chlorine is 
present the flame now assumes an intense azure-hlne color, owing to the 
formation of chloride of copper (v. g 30). This test is very delicate, and 
will show the presence of a very minute quantity of chlorine. 

S GG. Another method is to place on silver-foil some prolosulphate of 
iron, or some sulphate of copper, to moisten it with a drop of water, and 
then to add the assay [No. It;]. Aftei- a while the silver will be found 
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blaokeiieil, Substdiicos which ave irsolubl!! in watov Imvc previously to 
bo fused with a littlu Sd oh plaLinuui wii'c, to form a, aoluMc chloride 
[No. 10]. 

Chlorides, ivhen moistened with sulphuric acid and exposed to the Blp 
flame, impact to it a faint green coloration which, however, is generally 
confined to tie inuer cone, and is quantitatively of much less intensitj 
than that produced with borates. A small amount of boracic acid, when 
occurring together widi a chloride, can, therefure, not be detected by the 
niethod mentioned § BO. 

Ghromium. 

J 61. Oxide of cliromium gives verj charactevistic reaftjons iiith Ihe 
fluxes on platinum wire (v. Table II, G), but when accompanied by a 
large quantity of iron, copper, or other substances which also intciiBelj 
color the Bx and S Ph beada, the chromium color fiequeutlr betoiuea 
very indistinct. 

3 GH. In such a case, and when the chromium is not in combmation 
witli silicic acidj its presence may be detected in the following manner : 
The assay-piece [No. 71] is reduced to a fine powder and raised with 
bout four times its own volume of a mixture of equal parts of Sd and 
nitre. The mass is fastened into the hook of a thicli platinum wire, or 
placed into a small platinum spoon, and treated with a powerfol 11. 
An alha! n 1 n t formed which is dissolved in water, the solution 
s p at "at d h a tic acid, and a crystal of acetate of lead added. 
If h m u n was p nt, a yeliow precipitate of cbromatt! of lead will 
app a Th p p tate may be collected on a filter and tested in the Bx 
a 1 S Ph 1 i h the characteristic chromium-reactions will be pro- 
d d 
6 bait 

11 at f 1 11, see Table II, T. 

J 69. To detect cobalt when in combination with other metala, v. | 83. 

To show its presence in arsenides, the assay [No. 78] is placed on Ch 
and heated until no longer fumes of arsenous acid are emitted, {Lead 
and bismuth, if present, form the characteristic coatings). Bx is now 
added and the heat conlinned until the glass appears colored, If the 
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color is not pure blue, the iii'eseuce of iron is indicated. The glass la in 
fhja ease removed from the globule, and the latter treated repeatedly with 
fresh quantities of Bx until the pure cobalt-color is obtained. Nickel 
and copper, if present, do not enter into the flux before the whole of the 
cobalt is oxidized. If we wish to ascertain the presence of these metals, 
the glass which is colored by cobalt is removed from the globule, and the 
latter treated with fresh portions of Bs in the Fl until the color of the 
bead becomes brown, indicative of nickel. The glass is aga m d 
and the globule treated with S Ph in the Fl ; when coppe p 
the bead assumes a green color, which remains unaltered n 1 g 
Treated with tin on Ch the glass turns opaque and red. 

§ 70. To detect cobalt in sulphides, the assay [No. 79j is h at d n 
Ch in the R Fl until all volatile substances are driven off, the g 

mass reduced to powder, well calcined, and the calcined m t d 

with Bx on Ch in the Fl. If cobalt is the only coloring met ! p t 

the bead will exhibit a pure blue color ; a small addition of iron will 
make the glass appear green while hot, but blue when cold. Copper and 
n k ! wl n present to some extent, will prevent the cobalt-color to be 
1 t net] seen. The bead is in this case exposed to the R Fl nntil it 
appears aisparent and flows quietly; the oxides of copper and nickel 
a b_ h means reduced, and the pure color of cobalt, or that of cobalt, 
mixed with iron, becomes apparent. 
Copper. 

The reactions of copper and its compounds, see |^ 35, 3S, and Table 
11,8. 

1 71. The red color which copper imparts to the Bx orSPh bead, 
when heated on Ch in tlie E Fl in contact with tin (v. Table II, 8), is 
very characteristic and will in most eases clearly show the presence of 
this mefal. But if only a small quantity of copper ia associated with 
other metals, the reaction is not eiisily obtained ; in this case we may 
proceed as follows ; 

The assay [No, 89, or No, 86, or No. 85] is placed on Ch and played 
upon with the F! until antimony and other volatile metals are driven 
off. Some viti'ificd boracic acid is fused on Ch to a glassy globule, the 
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assay placecl close to it, mid the wlioie covered witli a large 11 Fl. ^?lle[l 
tie metallic globule begins to assume a bright metallic surfitce, the flame 
is gradually converted into a eharply-poiatod blue cone, which ia made 
to act only on the glasa, leaving the metallic globule untonched, and so 
situated that it touches the glass on one side, and on the other side is in 
close contact with the Ch, During this pi-ooess lead, iron, cobalt, part 
of the nickel, and such of tlie more volatile metals, that were not entirely 
removed by the previous calcination, as bismuth, antimony, zinc, &e., 
become 0Jtidizei3, and their oxides partly volatilized and partly absorbed 
by the boracie acid. The remaining metallic globule is then removed 
from the flux and treated on Ch with S Ph in Uic PI, when the copper 
is oxidized and dissolved. The limpid bead is then refused in the II Fl 
with addition of tin. A trace of copper may thus be made to produce 
distinctly the characteristic reaclion- 

S 72, To show the presence of copper in compounds which contain 
much nickel, cobalt, iron, and arsenic, the assay [No. 82] is first treated 
with Bx on Ch in the R Fl, when the greater part of iron and cobalt are 
dissolved. The remaining globule is then mixed with some pure lead, 
and treated as shown J Tl, Arsenic ia for the most part driven off, and 
the rest of the Iron and cobalt, with aoaie nickel, absorbed by the boraeio 
acid. The globule is removed from the glass and treated with S Ph in 
the Fl ; daclc-green while hot, and somewhat lighter green when cold 
(produced by the mixture of the yellow of nickel and the blue of copper), 
indicates the presence of copper. 

To detect copper when in combination with tin v, J 1!0. 

J 73. To detect copper in sulphides, the pulverized assay [No. 7G] ia 
calcined, and the calcined mass treated as above, or, when the amount 
of copper ia not very small, simply treated with Bx or S Ph on Ch in the 
Fl, and subsequently with addition of tin in the R Fl. The presence 
of copper is then shown by the red color and the opaqueness of the glass 
on cooling. This reaction is only prevented or, at least, made indistinct 
by antimony or bismuth, which cause the glass to turn gray or bkcli. 
In this case the assay is, after calcination, mixed with Sd, Bx, and some 
pure lead, and the mixture fused on Cii in the R Fl. The metallic glO' 
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bule Is Uien heatod on CIi to drive off the antimony, .■ind afterwards 
treated with boracic acid as above. 

I 74. When a mineral which contains copper is heated in the blue 
cone, the outer cone of the flame frequentij assumea a green or, if ths 
metal is in combination with chlorine, an aaure-blue color. This reac- 
tion,if not produced bj headng the substance alone, may sometiraes be 
elicited by adding a drop of concentrated hydrochloric acid to the pul- 
verized assay [No. J3], evaporating to dryness, mixing the dry powder 
with a little water to a stiff paste, fastening Ihia into the hook of a pla- 
tinum wire, and then exposing it to the blue cone of the flame. 
Fluorine. 

§ 7S. To detect fluorine in such minerals where it occurs only as an 
accessory element in combination with weak bases, and which at the 
same time contain water, a amall piece of the substance [No. 60] is 
placed into a glass tube sealed at one end, a wet Brazil-wood paper in- 
b'oduced into the open end, and heat applied. Fluoride of silicon and 
hjdrofiuoric are evolved ; the former is decomposed by the watery vapor 
and deposits a ring of silica not far distant from the assay, and the lat- 
ter turns the red color of the test-paper into straw-yellow. Mica, 
containing not more than | per cent, of fluorine shows the reaction very 
distinctly. 

J 76. To show the presence of fluorine in minerals where it is united 
with strong bases, the flnely powdered assay [No. 6] is mixed with about 
four parts of bisulphate of potassa and introduced into a glass tube, 
sealed at one end. Heat is applied antil sulphuric acid begins to escape. 
The sides of the tubes become covered with silicic acid, resulting from the 
decomposition of the gaseous fluoride of silicon. The tube is cut off 
close above the fused mass, cleaned with water, and carefully dried with 
blotting paper. The dulled appearance of the glass indieates the pre- 

J n. Another process, and by which the presence of fluorine in all 
kind of compounds may bo shown, is to mis the pulverized assay with 
some 8 Ph which has previously been fused on Oh and then reduced to 
powder ; to place the mixture on platinum foil, which is connected with 
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an open giass tube in sutli a manner a3 to constitute a kind uf tubular 
continuation to the former, and to heat with tlie blowpipe fiame until the 
mass enters into fusion. If the flame is so directed that the products of 
decomposition are made to paaa through the glass tube and a moistened 
Brazil-wood paper is introduced into the other end, the presence of hy- 
drofluoric acid is indicated bj the charge of color which the latter expe- 
riences ; in some cases the glass will also be dulled, or adeposit of silicic 
acid be formed. This test is very delicate. 
Gold. 

g 78. When gold is in conl nat on th metals which are volatile at 
a high temperature, ex. gr tellur urn mere rj, antimony, it is only ne- 
cessary W heat the alloy o Ch w th the Fl, when the gold remains 
behind in a pure state and n ay be recogn zed hy its physical propertjes. 
Lead is removed by the process of cupellation, as explained in g 102. 

1 19. When associated with copper, the presence of which is easily 
detected by 8 Ph on Ch, the alloy, for example gold-coin, is dissolved in 
pure melted lead and the new compound subjected to the process of 
cupellation on bone-ash. Copper is by this means entirely removed. To 
test the remaining globule for silver, it is treated with S Ph on Ch in the 
OFl; the silter is gradually oxidized and dissolved by the glass, which 
when cold assumes an opal-like appearance. To determine approxi- 
mately the relative proporf f th tw t 1 tl n et ll'c glob le 's 
taken from the cupel, plac d m 11 p 1 d 1 la g 
nitric acid, and heat appli d If th II 1 25 p t f Id 
or less, it tarns black, the I grid 1yd Id d Ih g Id 
mains behind as a brown bl k p j pi It mas If tl 
alloy contains more than p t f g Id th lilt 1 
black, but the silver is i t d 1 1 If b th m 1 1 \ t 
about equal proportions, th gl b 1 m It ^ If 1 t 
of gold is considerable it is indicated by the color of the alloy. 

1 80. When associated with metals, which jiej- se are f H b f e 
the blowpipe, as ex. gr. platinum, indium, palladium, th m tall I b 
ule obtained by cupellation shows much less fusibility th p |r 1 1 
Q'he exact nature of the foreign metals cannot be astert d 1 f 1 
Blp ; the humid way must be resorted to. 
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Iodine. 

^81. Iodides, tested with o SPh bead ivliich is saturatcf! with oxide 
of copper as shown § 63, impart to the outer flame a fine green color 
[No. II]. 

Fused with biaulphate of potassa in a glass tube, closed at one end, 
violet vapors are evolTcd, iodine sublimes, and sulphurons acid escapes. 

g82. Another method, which is said to surpass in delicacy even the 
reaction with starch, ia to mis the substance with a mixture of carbonate 
of lime and quicklime, to drj the mass thoroughly, to add some proto- 
chloride of mercury (corrosive sublimate), to rub the whole well together, 
and to place it in a glass tube closed at one end. 'The tube is then nar- 
rowly drawn out a little above the assay, and (he mass heated toiedaess. 
Protiodide of mercury is formed, which sublimes in yellow or red ueedles 
into the narrow tube. This reaction is fouatled on the property of lime 
to decompose the protochloride of mercury, but not the protiodide. 

Iron. 

The reactions of the oxides of iron, see Table II, 10. 

1 83. The colors which iron imparls to the various fluxes are sulH- 
cieotly characteristic to ascertain its presence in such metallic compounds 
which contain no easily fusible substances, by simply treating the assay 
with Bx on Ch in the Fl. When lead, tin, bismuth, antimony, or sine 
are present, the R Fl is employed, and directed in such a manner that il 
principally touches the glass. Thus, the oxidation and consequent satu- 
ration of the bead with the oxides of these metals, is to a great extent 
prevented. In either case the glass, while still soft, is removed from the 
globule and exposed on another place of the Ch to the EFl. Those 
metals whose oxides are easily reduced, are now precipitated, and the 
characteristic bottle-green color of iron is clearly observable, unless cobalt 
be present In this case the glass is again softened with the RFl, sepa- 
rated from the precipitated metals, fastoned into the hook of a platinum 
wire and treated with (he Fl until the whole of the iron may be sup- 
posed to be converted into sesquioxide. The glass, whilehot, will appear 
green, and bhie when cold, if only a trace of iron Is present. But when 
the amount of iron is more considerable, it will be dark-green while hot 
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and bcight-grccQ when cold, the latter color resulting from the mixture 
of the blue of cobalt and ihe yellow of iron. The meials remaining be- 
hind on Ch after the treatment with Bx, and which frequently are only 
copper and nickel (lead, antimony, and bismuth being volatilized), may 
be treated as shown | 7 1. 

To detect iron in arsenides and sulphides, the assay is well calcined, 
and the calcined mass treated as above [No. 86 and No. t9]. 

1 84. The oxides of iron when associated with a large quantity of man- 
ganese [No. 84 and No, 69], color the Bx bead on platinum wire in the 
FI, red. To show the pi-esence of Iron the bead is removed from the 
wire, placed on Ch, and treated with tin in the RFI, The vitriol-green 
color of iron will appear in its purity. When associated with the oxides 
of manganese and cobalt, a minute quantity of iron cannot very well be 
detected by means of the blowpipe alone. When accompanied by the 
oxides of copper and nickel [No. 78 or No. 85], the assay is dissolved 
in Bx on Ch in the FI and the glass treated as shown 1 83. 

I 85. The presence of chromium prevents any conclusive deduction as 
to the presence of iron from the color of the beads. In such a case the 
substance [No. 71] may be mixed with three parts of nitre and one of 
Sd, and the mixture fused in small portions into the hook of a thick 
platinum wire. The alkaline chromate is dissolved in wat«r and the resi- 
due treated with the fluxes. The presence of the oxides of iron when 
associated with the oxides of uranium cannot be ascertained by means 
of the blowpipe alone. 
Lead. 

The reactions of lead and its compounds, see ?.^ 12, 23, 36, and Table 
II, 12. 

^86. Ac alloy of lead and zinc [No. 50] deposits a Ct of oxide of lead 
mixed with oxide of zinc ; the presence of lead is shown by the color 
of the Ct and by the azure-blue tinge which it imparts to the RFI {v. 
«23). 

An alloy of lead and bismuth [No. 49] deposits a Ct somewhat darker 
than that of pure lead, in which lie presence of bismuth may be detected 
as shown J 59, and the presence of lead by tlie azure-blue color of the 
RFI. 
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I 87. To detect lead in aulphidoa, tho substance is pkecd oq Ch and 
treated willi the B Fl ; tJie lead h deteeteil by its Ct. An ftdmisture of 
anlimoiiy cannol by tliig means be ascertained, since the fing of sulphate 
of lead, anrrounding that of the oside, bears a striking lesemblanee to 
the Ct formed by antimonous acid. In this case the pulverized assay 
[No. 85] is mixed with a sulSeient quantity of Sd, and treated for a 
short time with the RFl. If no antimony is present a pure yellow Ct 
with bluish-white edges is formed ; but in presence of antimony this Ct 
is surrounded by another, white one, of antimonous acid. The oxide of 
lead Ct appears, moreover, darker than usual, resembling that of his- 
mnth, owing probably to the formation of antlmonate of lead. If this 
Ct is seraped off from the Ch and treated with S Ph as mentioned ? 59, 
in the case of bismuth, the bead, on cooling, asanmes a black color, 
whereby, in absence of bisinnth, the presence of antimony is proved. A 
very small qnautity of antimony can by this method not be found out 
with certainty, since, by keeping up the blast for some time, the sulphide 
of sodium begins to vaporiae and to coat the Ch with a ring of sul- 
phate of.soda (v. 1 30). 

i 88. When sulphide of lead is associated with a cotiBiderahle quan- 
tity of sulphide of copper [So. 89J, the metallic globule, obtained by 
the process of reduction, does not betray, by its physical properties, the 
presence of lead. But if the alloy is removed from the flu.t and played 
upon with a powerful Fl, the greater port of the lead will be volatilized 
and deposit a Ct. 

X'ithia. 

I 89. To detect lilhia in silicates which contain only little of it, pro- 
ceed as follows: The substance [No. C7] is reduced to a fine powder 
aud mixed with about 2 parts of a mixture of I part of fluorspar with IJ 
parts of bisulphate of potassa; a few drops of water are added and the 
whole kneaded into a paste. The mass is fused with the bluo cone of 
the llama into the hoot of a platinum wire. If lithia is present the outer 
fiame will appear red. The color is not very intense, and verging into 
violet. The presence of potassa does not prevent the reaction, but makes 
the flame appear still more violet; soda makes the reaction u 
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IS of manganese, see Table II, 13. 

g 90. The presence of manganese in any compound substance is readily 
detected by mixing the pulverized assay [No. 66 or No. 64] with about 
2 or 3 parts of Sd, and fusing it by means of the FI on platinum foil. 
Manganato of soda is formed, which, while hot, is green and transparent 
and, on cooling, turns bluish-green and opaque. The reaction is very 
distinct when bs much as one-tenth per cent, of manganese is present. 
But even the slightest trace may be detecte<3 when, instead of Sd, a mix- 
ture of 1 part of nitre with 2 parts of Sd is used. Chcomiam does not 
prevent the reaction, merely changing the color to yellowish-green. It 
is only in presence of silica and cobalt that this test is not available, 
since at a high temperature the silica unites with the soda to silicate of 
soda, which, in dissolving the oxiiJe of cobalt, produces a blue glass, and 
thus interferes with the manganese color. 

Mercury. 

The reactions of mercury and its compounds, see || II, IT, and Table 
11, 14. 

g 9i. Mercury is detected in araalgfims [No. 47] by the sublimate of 
metallic mercury which they yield, when heated in a glass tube closed at 

When in combination with sulphur [No. 81], chlorine [No. .^9], iodine 
or ox-acids, the substance is previously mixed with some anhydrous Sd 
or some neutral oxalate of potassa. The acids, &c., are retained by the 
soda, and mercury sublimes. 

If the quantity of mercury is so small, that the nature of the sublimate 
cannot with certainty be ascertained, the experiment has to be repeated, 
a piece of iron wire around which a gold-leaf has been wrapped being at 
the same time introduced into the tube and held close above the assay. 
The gold-leaf will turn white if ever so ilttle mercury be present. 

Jfickel. 

The reactions of nickel, see Table II, 16. 

^ 92. To detect nickel in metallic compounds which are fusible before 
the Blp, the assay is treated with Bx on Ch in the R Fl ; iron, cobalt, 
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Ac, enter into tlio fiiix and may be detected as shown | 69, while ttie 
metais whose osidea are easily reduced remain behind. This operation 
ia repeated until the glass appears no longer colored. The remaining 
globule is treated with SPh in the OFl. We now obtain either the 
pui-e color of nickel, or that of nickel mixed with copper (v. ^ 72); 
in this case it is treated on Ch with tin, whereby ihe presence of copper 
may be ascertained. Bismuth or antimony prevents the reaction for 
copper, the bead turning black, instead of red. Such compounds must, 
previous to their treatment with fluxes, be heated on Ch in R FI until all 
volatile substances are driven off [No. 82]. 

In araenides and sulpliides nickel is detected by the methods given for 
cobalt under the same circumstances (v. J 70). 

Nitric acid. 

^ a.l. The perfectly dry substance [No. 23] is heated in a matrass 
with some bisulpliate of poiassa; orange-yellow vapors of nitrous acid 
are emitted, even if but a email quantity of a nitrate is present. 

Phosphoric acid. 

J 94. A very minute quantity of phosphoric acid may bo detected by 
pulverizing the substance [No. 14], adding a drop of concentrated eol- 
phurie aciii, fastening the past« into the hook of a platinum wire, and 
playing upon it with the blue cone of the flame ; the outer flame will 
assume a bluish-green color [v. | 35), 

Certain azotized compounds, as nitric acid, nitrate of ammonia, 
chloride of ammonium, &c., when fastened into the hook of a platinum 
wire and touched with the cone of the blue flame, impart to the outer 
flame a bluish-green color, resembling that caused by phosphoric acid. 

g 95. Inasnbstance, containing not less than aboutS per eent.of phos- 
phoric acid, the presence of the latter may be shown by dissolving the 
assay [No. 68J on Ch in boraeic acid and forcing into the glass, when a 
good fusion is effectert, a piece of fine steel wire ; a good R Fl is then 
given. The iron is oxidized at the expense of the phosphoric acid, 
causing the formation of a borate of (he oxide of iron and phosphide of 
iron, which fuses at a sufSciently high temperature. The bead is then 
taken from the Ch, enveloped in a piece of pftper, and struck lightly with 
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a iiinniiiei', by mhieli meaua the phospliide of iron is separated from the 
surroniiding flux. It exists as a metallic-look Lng bultoii, attractable by 
the magnet, frangible on the anvil, tlie fracture having tha color of iron. 
If the anbstance uiider assay contained no phosplioric acid, the iron wire 
will keep its form and metallic lustre, excepting at tlie ends, where it will 
be oxidated and burnt. The anbstanoo to be assayed ought not to con- 
tain silphnric acid, arsenic acid, or nny metallic oxides reducible by 

PhoB].lnte ot lead exhibits the peculiarity of crystallizing on cooling 
after hsvmg betn fused ovi Ch ; the crystals have frequently large facets 
of ft pearly lustre, 

Potassa. 

J 97. Theviolfct eolorof the flame is sufficiently characteristic for potassa 
(v. 1 33). But being altogether prevented or, at least, made very indis- 
tinct by the addition of a few per cent, of soda or litbia, it can only in a 
very few cases be made use o£ For tlio detection of potassa in silicates 
it is almost entirely unavailable, because these compounds almost always 

§98. If the base of a compound consists essentially of potassa, the fol- 
lowing method may be advantageously employed for its detection ; Some 
Bx, to which a little boracic acid has been added, is melted into the hook 
of a platinum wire and so much protoxide of nickel added that the glass 
on cooling shows a distinct brownish, color. A small piece of the sub- 
stance under examination [No. l.'i] is made to adhere to the glass and 
the whole fused together with the Fl. If the assay-piece contained no 
potassa, tha color of the glass, after perfect cooling, will have remained 
unchanged ; biLt if potassa was present in sutKcient quantity, the glass 
will appear bluish. 

Selenmm. 

J 99. The reactionsof selenium are very characteristic. In non-volatile 
compounds, which do not give the red sublimate mentioned | 11, the 
selenium is detected by heating a small piece of the substance [No. 87] 
on Ch in OFl, when the peculiar odor is evolved; if much selenium is 
present, a Ct is deposited, -f. 1 28. Selenites and selenates are treated on 
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Ch with Sd in R PI, nhen a reduction takes place and tlie selenium va- 
porizes with tlie cliaracteristic odor. 

Silica. 

1 100. Pure silica [No. 54], when treated with Bx oe platinum wire, 
dissolves slowly to a transparent glaaa which fuses with difficulty. Treated 
with S Ph in the same manner onlja small quantity is dissolved, the rest 
floating in the liquid bead as a semi-transparent mass. The behavior to 
Sd see 1 39. With a little So Co it assumes a pale bluish color which, ■ 
on addition of a large quantity of the reagent, turns dark-graj or black ; 
very thin splinters may he fused by a great heat to a reddish-blue glass. 

3101. Silicates [No. 61], when treated with SPh on platinum wire, 
are decomposed ; the bases unite with the free phosphoric aeid to a trans- 
parent glass in which the silica may be seen floating as a gelatinous 
cloudy mass. The bead ought to be carefully oheerved while hot, since 
many silicates form a glass which on cooling opalizes or becomes opaque, 
when, of course, the phenomenon can no longer be seen. The experi- 
ment is best performed with a small splinter of the substance under ex- 
amination, and only when this does not appear to be affected by the flux, 
the finely pulverized substance should be used. If but a very small 
quantity of silica is present, the glass will appear perfectly transparent, 
lis presence in this case cannot be detected by means of the Blp. 

1 102. Silicates containing at least so much silica that the quantity of 
oxygen in the acid is twice that of the oxygen in the base, dissolve, when 
treated with Sd on Ch, with effervescence to a transparent glass which 
remains so when cold. When less silica is present decomposition also 
takes place, but the glass turns opaque on cooling, the amount of silicate 
of soda which is formed not being sufficient to dissolve the eliminated 

Silver. 
The reactions of silver, see | 27, and Table 11, 20. 

1 103. When in combination with metals which arc volatile at a high 
temperature, ex. gr. bismuth, lead, zinc, antimony, the substance is healed 
alone on Ch, when, after evaporation of the foreign metals, a button of 
pure silver remains behind and a feeble reddish dt is deposited on the Ch. 
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If associated with much lend or hismuili, these metals are l>est removed 
by eupellation, a process wliich is executed in the following manner ■ 
Finely pulverized bone-ash is mixed with a minute quantity jf soda and 
made witli a little water into a stiff paste ; a hole is now bored intc the 
Ch, filled with the paste, and its surface smoothed and made slightly 
concave by pressing on it with the pestle of the little agate mortar Ihe 
mass is then dried by the flame of a common spirit-lamp On (his little 
cupel the assay [No. 5!] is placed and bo long heated with the Fl until 
the whole of the lead or bismuth is oxidized and absorbed by the cupel. 
The silver or, if gold is present, the alloy of silver and gold remains as a 
bright metallic button on the cnpel. 

g 104. When combined with metals which are not volatile, but which 
are easier osidiied than silver, the presence of this metal may in some 
cases be delected by simply treating the alloy with Bx or S Pli on Ch. 
Copper, nickel, cobalt, 4c., become oxidized and llieir oxides dissolved 
by the flnx, while silver remains behind with a bright metallic surface. 
But when these metals are present to a considerable extent, another 
eonrse has to be pursued, a course which may always be taken when a 
substance is to be assayed for silver, or silver and gold. 

J 105. The assay-piece [No. 8GJ is reduced to a fine powder, mixed 
with vitrified Bx and metallic lead (the quantities of which altogether 
depend upon the nature of (he substance, and for which, therefore, no 
general rule can be given), and the mass placed in a cylindrical hole of 
the Ch. A powerful R Fl is given until the metals have united to a but- 
ton, and the slag appears free from metallic globules. The flame is now 
converted into a Fl and directed principally npon the button. Sulphur, 
arsenic, antimony, and other very volatile substances, are volatilized ; 
iron, tin, cobalt, and a little copper and nickel become oxidized and are 
absorbed by the flux ; silver and gold and the greater part of copper and 
nickel remain with the lead (and bismuth, if present). When all vola- 
tile sahstanees are driven off, the lead begins to become oxidized, and 
the button assumes a rotary motion ; at this period the blast is discon- 
tinued, the assay is allowed to cool, and when perfectly cold the lead 
button is separated from the ginss by some slight slrokefl with a hammer. 
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It ia now placed on a cupel of bone-ash and treated with the Fl until 
it again asauinea a, rotatory motion. If much copper or nickel ia present, 
the globule becomes covered with a thick infusible crust, which prevents 
the airaed-at oxidation ; in this case another small piece of pure lead has 
to be added. The blast is kept up until the whole of the lead and other 
foreign metals, viz., copper and nickel, are oxidized; this ia indicated by 
the cessation of the rotatory movemeot, if only little silver is present, or 
by the appearance of all the tints of the rainbow over the whole surface 
of the button, if the ore was very rich in silver ; after a few moments it 
takes the look of pure silver. The oxides of lead, copper, &c., are ab- 
sorbed by the bone-asb, and pure silver, or an alloy of silver with other 
noble metals, remains behind ; the button may be tested for gold, &e., 
ftiter the method given in § 79. 

Sulphur. 

J 106. The presence of sulphur in sulphides may in many cases be 
delected by heating in a glass tube (v. ii 11, 14), or on Ch with the 
OFI. 

^ 107. A very delicate test for the presence of sulphur, in whatever 
combination it may be contained in the substance, and which possesses 
moreover the advantage over all other methods of being very easily per- 
formed, is to mis the pulverized assay [No. 4] with some pure Sd or, 
better atill, with a mixture of 2 parts of Sd and 1 of Bx, and to treat it 
on Ch with the RFI. The fused mass is removed from the Ch, pow- 
dered, the powder placed on a silver foil or a bright silver coin, and a 
drop of water added. If the substance under examination contained any 
sulphur, a black spot will be formed on the silver foil, owing to the forma- 
tion of sulphide of silver from the decorapoaition of the sulphide of so- 
dium, which, in its turn, lesulted from the decomposition of the sulphide 
or sulphate, cr other sulphur-compound of the assay-piece, under the in- 
fluence of Sd, Ch, and a high temperature. Selenium shows the same 
reaction ; it is readily recognized by the peculiar odor which it emits 
when heated on Ch alone. 

i 108. To decide whether the reaction obtained in the experiment was 
owing to the presence of a sulphide or to that of a sulphate, the fmely- 
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pulverized substance [No. T6\ is fused in a small platiiinm spoon ivitJi 
some hjdrate of potassa. The spoon with the contents is then placed 
into a vessel containing some wainr, and a piece of silver foil inserted 
into the liquid. If the silver remains perfectly bright, a sulphate was 
present, if it turns black, a sulphide. The absence of substances which 
might exercise a reducing influence Is required. 
Tellurium. . 

1 109. The presence of tellurium in mineral substances la detected by 
the tests given \\ 11, 18, 29. In presence of lead or bismuth the 
reactions in the open tubes and on Ch arc not quite puce. In this case 
we may subject the assay to the following treatment ; The sabatance is 
mixed with some Sd and charcoal-powder, tie mixture introduced into a 
glass tube closed at one end, and heated to fusion; after cooling, a few 
drops of hot water aft poured into the tube ; if tellurium was present, 
telluride of sodium has been formed, which dissolves in hot water with a 
purplish-red color. This test is applicable to show the presence of tellu- 
rium ill a great many compounds, even in such where it occurs in the 
oxidized state. 

Tin. 

The reactions of tin and ita compounds, see H 12, 26, 45, and 
Table IT, 22. 

\ 110. The presence of tin is indicated by its Ct when the substance 
[No. 13] alone or mixed with Sd, is exposed lo the RFl on Ch. 

When the substance under examination is an alloy, a little Bx is con- 
veniently added, which absorbs the oxide of tin in the measure as it is 
formed, and allows the presence of tliose metals which are more volatile, 
ex. gr. antimony, lead, bismuth, to be recognized by their coatings. 
Arsenic is detected by its odor, and iron bj the color which the Bx bead 
assumes when refused on platinum wire in the Fl. 

To detect copper in tin or its alloy, the assay [No. 52] is fused with 
a flux consisting of 100 parts of Sd, 50 of vitrified Bx, and 30 of silica. 
The flame is so directed that the metallic globule assumes a rotatory 
motion. When in tliis state the glass is kept covered, as much as possi- 
ble, with the Fl, care being taken that the globule is at one side in 
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contact with the glass, and at the other with the Ch. The tin becomes 
oxidized and the oside, in the ineasuro as it is formeil, absorbed by tho 
flux i the remaining button is copper, pure or with » small quantity of 
tin, and may be readily tested with the usual fluxes. 
Titanium. 

I 111. Titanic acid, when forming the principal constituent of any 
mineral substance, is easily detected by its behavior with the fluxes, v. 
Table II, 23 ; but when in combination with bases these reactions are 
not always clearly perceptible, being frequently suppressed by the pre- 
dominating reaction of the base. In such cases we may subject the 
assay to the following treatment, by which even very small quantities of 
titanic acid will become apparent; the substance [No. 65] is reduced to 
a very fine powder, mixed «itb from 6 to 8 parts of bisniphate of potassa, 
and fused in a platinum ipoon at a low red-heat; the fused mass is dis- 
solved in a porcelain lessel in the smallest possible quantity of water, 
aided by heat. There remains an insoluble residue which is allowed to 
settle ; the clear liquid is poured off into a larger vessel, mixed with a 
few drops of nitric acid and at least si'^ volumes of water, and heated to 
ebnllition. If the substance under examination contained any titanium, 
a white precipitate of titanic acid forms on boiling. The precipitate is 
collected on a filter, washed with water, acidulated with nitric acid, and 
tested with S Ph. 
Uranium. 

S 112. The presence of this metal is easily recognized, in substances 
which contain no other coloring constituents, by the reactions given Table 
II, 25 ; the moat charactetislic test is that with S Ph. In presence of 
much iron this reaction becomes indistinct ; we may then operate in the 
following manner : the finely-pulverized substance [No. TO] is fused with 
bisniphate of potassa, the fused mass dissolved in water, mixed with car- 
bonate of ammonia in excess, the liquid separated from the precipitate 
by filtration, and the filtrate heated to ebullition. If any uranium was 
present, a yellow precipitate is thrown down, which gives with the fluxes 
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Zine. 

The reactions Tor ^inc and its compounds, see J? 12, 25, 45, and 
Table IT, 27. 

§ 113. A Email amount of zinc, when associated with, considerable 
([uantitiPB of lead or bismutb or antimony, or tin, cannot with certainty 
be ascerta ned b) means of the BIp 

If thv substance under eximination contains the zinc as oxide [No. 
36], or but a small quantity of sulphide, it is mixed with Sd and treated 
on Ch m RFl faubaUncea consisting essentiallj of salphide of zinc 
may be thus treated without the addition of Sd, and such as cocitain, 
beside oxide of zinc other metallic oxides, are conveniently mixed with 
some Sd to which about one half of its weight of Bx has been aildtd A 
ring of oxide of zinc is deposited on the Ch. V, hen lead la present 
[No. 51] the Ct is frequently not pure, being mixed up with the Ct of 
lead. In this case it is moistened with some So Co and heated again with 
the Fl, The oxide of lead is reduced by the red hot Ch aud vola- 
tilized, while the oxide of zinc remains behind with a green color 
(V. I 45). 
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FOURTH CHAPTER. 



CHARACTERISTICS OF THE MOST IMPORTANT ORES; 

THEIR BEHAVIOR BEFORE THE BLOWPIPE, 

AND TO SOLVENTS. 

I 111. Of the physical properties of the minerala wHeli are treated of 
iu this chapter, onlv those are enumerated wliieli serve beat to discrimi- 
nate the different orea from each other. For a more detailed deaeription 
I innst refer to Dana's and other worka on mineralogy. Among the 
distingaishing charaetcra of minerala, their hardness and specific gravity 
stand foremoat. The latter cannot be ascertained without a good balance, 
and will, for this reason, be of much less use to the practical man tlian 
the determination of hardness, an operation which may be performed in 
a few momenta. A set of minerala, representing the scale of hardness, 
being not always at hand, it will be useful to give a series of substitutes 
for them, as arranged by Mr. Chapman ; 

1. Yields easily to the nail. 

2. Yields with difficulty to tbe nail, or merely receives on impression 
from it. Does not scratch a copper coin. 

3. Scratches a copper coin; but is also scratched by it, being of about 
the same degree of hardness. 

4. Not scratched by a copper coin ; docs not scratch glass. 

5. Seratchea glass, though rather with difficulty, leaving its powder on 
it. Yields readily to the knife. 
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6. Scratches glass eaailj. YieWs with difficiilty to the knife. 

1. Does not jield to the linife. Yields to the edge of a file, though 
with diffieulty. 

8. 9. 10. Harder than flint. 

The scale of hardness, as introduced by Mohs, and enlarged by 
Breithaupt, is as fallows : 

1. Talc; common laminated light-green variety. 

2. Gjpsum ; a crystalline variety. 
2.5. Foliated Mica. 

.1. Calcareous Spar ; transparent variety. 

4. Fluor Spar; crystalline variety. 

5. Apatite ; transparent variety. 
5.5. Scapolite ; crystalline variety. 

6. Orthoclase ; white cleavable variety. 

7. Quartz ; transparent. 

8. Topaz; transparent. 

9. Sapphire; cleavahle varieties, 

10. Diamond. 

To test the hardness of a mineral we may proceed in two different 
manners ; firstly, by attempting (o scratch it with the minerals ename- 
rated in the scale, successively, or, secondly, by abrasion with a file. If 
the file abrades the mineral under trial with the same ease as No. 4, and 
produces an equal depth of abrasion with the same force, its hardness is 
said to be 4. If with more facility than 4, but less than 5, the hardness 
may be 4i or 4i. Several successive trials should be made to obtain 
certain results; and, when practicable, both methods should be era- 

Ores of Antimony. 

Cfra^ Antimony [Stibnile]. 
g 115. Sb S'. H=2. G=4,5. Of lead-gray color and metallic lustre. 
Usually of columnar structure, consisting of a vast number of needle- 
shaped crystals, sometimes side by side, sometimes divergent. Very 
brittle. 
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It fuses readily in the flame of a candle. In a matrass, sometimes 
yields a slight sublimate of sulphur; on increasing the heat by application 
of the Blp flame, a sublimate is produced which afiet cooling is brownish- 
red, and which consists of a mixture of tersulphide of antimony with 
antimonous acid. In an open glass tube, emila sulphurous acid and 
antimojiial fumes. On Ch it is volatilized, covering the Ch with oxide 
of antimony, which, -when touched with the R PI, disappears with a pale 
greenish blue tinge. 

When pure, wholly soluble in heated hydrochloric acid wilh evolution 
of sulphuretted hydrogen ; usually a residue of chloride of lead is left. 
Partly decomposed by caustic potassa ; the solution, when mixed with an 
add, affords a yellowish-red precipitate, 

£erthierite. 

1116. Composition variable, sometimes FeS -j- Sb S'. H=2— 3. 
G=4 — 4.3. Metallic lustre, less splendent than gray antimony; color 
dark steel-gray. 

Heated in a matrass, fuses and yields a slight sublimate of sulphur; 
on application of a strong heat, a black sublimate of sulphide of anti- 
mony is formed, which, on cooling, becomes brownish-red. In an open 
glass tube it behaves like the preceding ore. In Ch, fuses easily and 
coats the charcoal with oxide of antimony ; there remains, finally, a black 
slag, which is attracted by the magnet and gives with tluxes the iron 

Soluble in hydrochloric acid, 
Jted Antimony [Kermesite]. 

3117. 2SbS=+8bO'. H=l— 1.5. 0=4.5-^.6. Usually in tufts of 
capillary crystals of chorry-red color. 

In a matrass, fuses readily and yields a. slight yellowish-red sublimate ; 
with strong heat, boiis and gives a black sublimate which, when cold, is 
brownish-red. In an open lube and on Ch, behaves like gray antimony. 

It dissolves in hydrochloric acid with evolution of sulphuretted hydro- 
gen. The powdered mineral, when treated with caustic potassa, assumes 
an ochre-yellow color and dissolves completely. 
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Orbs of Arsekio. 

Native Arsenic. 

I 118, As, with traces of Sb, Ag, Fe, Co and Ni. H=3.5. G=5.0. 
Of metallic lustre and tin-white color, tarnishing on exposure to air to 
dark-graj. 

Heated in a matrass, Bublimes ; on Ch, behaves like pure arsenic. In 
both cases, BOtnetimcs, a residue is left, which, when treated with flaxes, 
exhibits the reactions of iron, cobalt and nickel. (See § 83.) 



ni9 A S' H=I''— 2 G='4— 3 6 U lly fb'lt d 
times of J 11 w 1 d It Se 1 1 

In a f b 1 d fi llj bl m th 11m ft 

cooling ddt pretl p 1 tb 1 fHy 

heated j Id hi te f rs d Ipl J P 

On Ch t i Ij d b lb y 11 K h wh t 11 It 

grayish htfm hhp thpl 11 d S h 

jected t th t tm t d b d g 5 bl -n t f t 11 

obtained. 

Not easily affecled by acids ; but aqua regia dissolves it with continned 
digestion, part of the sulphur being precipitated. A heated solution of 
caustic potassa decomposes it, leaving a brownish-black powder (As° S) 
undissolved. 
Orpiment. 

1120. AsS^ H=1.5— 2. G=3.4. A foliaeeous mineral of lemon- 
yellow color, and resinous or pearly lustre. Sectile. 

Before the Blp, behaves like the preceding, with this difference, that 
the sublimate, aller cooling, is dark yellow and transparent. 

Soluble in aqua regia, caustic potassa, aiid ammonia. 
White Arsenic [Arsenolite]. 

gl21. AsO*. H=1.5, G;=3,G. Occurs usually in minute capillary 
crystals of a white color, and vitreous or silky lustre. 

Before the Blp it behaves like pure arsenous acid. (v. §? 9, 15, Table 
II, 2). 
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Slightly soluble in liot water ; more so in water acidukteil with hydro- 
chloric !^cid. 

Ores of Hisniuth. 

Native Bismuth. 

^ 122. Bi; H=2— 2.5. G=9.r. Color silver-while, tinged with red. 
Lustre metallic. Brittle when cold ; but, when hot, may be laminated. 
Occurs foliated, granular, and arboreaeeiit ; oecaaionally crystallized. 

Before the BIp it bebavea like pure bisranth (v. gg IJ, 22). 

Readily dissolved by nitric acid ; the solution is precipitated by water. 
Telluric Bismuth [TetradymiteJ. 

U23. Bi and Te in variaWe proportions. H=1.5— 3. 0=7.2—8.4, 
Of pale steel-gray color, and high metallic lusfre. Occurs usually in 
tabular eryatals, or foliated masses; the lamin* are elastic. It soils 
paper. 

In an open glass tube it fuses readily, emitting a white smoke which 
partly eondenses, coating the tube neiir the a^say-piece with a white pow- 
der, intermixed with red spots ; on directing the flame on thisCt, it fuses 
to colorless drops (TeC), while the red sublimate (Se) disappears. On 
Ch, fuses instantly to a metallic globule which, when touched with the 
inner flame, imparts a bluish-green color to the outer one, sometimes 
gives out selenium vapors, and deposits, close to the assay-piece, a dark 
orange Ct, surrounded at a greater distance by a white Ct. 

Solnble in nifric acid. 

Bitmutite. 

|IZ4. 3(BIO^CO*-^-HO)-^-BiO'.HO. H=4— 4.5. G=6.9. tisualiy 
of a white or light greenish color, and vitreous lustre; in acicolar crys- 
tallizations. 

In a matrass, decrepitates, yields a little water, and turns gray. Ou 
Ch, fuses very readily and is reduced, with effervescence, to a metallic 
globule, covering the Ch with a Ct of oxide of bismuth. If the blast is 
kept up for some time the whole of the bismuth is volatilized and there 
remains a scoriaeeous mass which, in the R Fl, may be fused to agobulc, 
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and whicli with fluxes gives tlie indications of copper and iron. Witli Sd 
it usually gives the sulphur reaction 1§ 107), 

Dissolves in hydrochloric acid with eflervescenee ; the solution has a 
yellow color. 
Sismuthine. 

1 125. Bi 8'. H=2-2-5. G=6.4— ti.G5. In acicukr crystals or mas- 
sive ; of metallic lustre, and lead-gray color, with a yellowish or iridescent 
tarnish. 

In a matrass, fuses and yields a. slight sublimate of sulphnr. Care- 
fully heated in an ojieii tube, it fuses and yields sulphurous acid and a 
t f Ifh te of bismuth; the latter may be fused, hy application of 
h Blp II to brown drops which, when cold, appear yellow and 

p q Ch, fuses and hoils, throwing out small drops in a state of 
a d and deposits a Ct of oxide of bismuth. 

S 1 bl trie acid with deposition of sulphur. The solntion gives 

a white precipitate with water. 
Bismuth Ochre. 

g 12G. BiO» containing minute quantities of Fe'U', CuO, and AsO.= 
G=4.36. Occurs usually pulverulent or earthy. 

Before the Blp it behaves like pure oxide of Llsmuth, Soluble in ni- 



Chromic Iron. 

gl2T. (FeO,CrO,MgO)-f{Cr2 0',Al'0=).H=5.5. 6=4,3—16. Oc- 
curs usually massive ; of irou-hlack or brownish-black color, with a 
shining and somewhat metallic lustre. Some varieties are magnetic. 

Heated in a matrass, remains unchanged. Infusible in the forceps. 
After having been exposed to the R Fl it follows the magnet. In Bx 
and SPh slowly, but completely, soluble to a transparent glass, which is 
beautiful green after cooling. Mixed with Sd and nitre and heated on 
platinum- foil, the mass fuses and becomes yellow. With Sd on Ch in 
RPl it affords metallic iron. 
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Concentrated acids affect it bnt little, even when finely pulvetized ; 
they dissolve only a little iron. Fused willi caustic potassa, cbromale of 
potassa is formed. 

Ores of Cobalt. 
Smaltine. 

|1Z8. (Go,Fe, Ni)As.fl:=a.5— 6. G=G.4— r.2. Of tin-wbite or steel- 
gray color, and metallic lustre. 

In a matrass, usually yields, when heated to redness, a sublimate of 
metallic arsenic. In an open glass-tube, affords a copious aublimata of 
crystallized arsenous acid, and sometimes emits sulphurous acid. On Ch 
it fuses readily, with emission of copious arsenical fumes, to a grayish- 
black magnetic globule which, with the fluxes, gives the indications of 
iron, cobalt, and nichel. 

With nitric acid it gives a pink solution, arsenous acid being deposited. 
Gobaltine. 

U29. CoS'+CoAs. H=5.5. 0=6—6.3. Of silver-white and some- 
times reddish color, and metallic lustre. 

Unchanged in the matrass. In an open glass tube, yields a sublimaf« 
of arsenous acid and vapors of sulphurous acid. On Ob, emits copious 
arsenical and sulphur fumes and fuses to a dull black metallic globule, 
which is attracted by the magnet, and which, when treated with fluxes, 
gives the indications of cobalt and iron, and sometimes also those of 
nickel. 

Dissolves in heated nitric acid, arsenous acid being deposited. 
Cobalt Pyrites [Linnaeite]. 

1130. CoS+Co'S'. H^5.5. 0=4.8—5. Of a more or less bright 
Bteel-gray color, and metallic lustre. Crystalliaes in the regular octahe- 

In an open glass tube, sulphurous acid is abundantly evolved and some- 
times a slight sublimate of arsenous acid formed. On Ch, small pieces 
of the mineral readily fuse to a globule which, when cold, is covered with 
a black rough crust, and which is attracted by (he magnet. The pulver- 
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ized mineral, after having been well calcined, dissolves in Bx in OFl to 
a blue transparent glass. In a highlj saturated bead of this kind, wbea 
treated on Ch viiih RFl, particles of metallic nickel may be seen floating 

Soluble in nitric acid, excepting tbe sulphur. 
Oobalt Bloom [Erythrinc]. 

^31. 3CoO.AsO^+8HO. H^l.5— 2.5. G— 2.9. TIsudlj of crim- 
son or peach-red color ; when crjstalliaea, of pearlj lustre ; frequently dull 
and eartby, forming incrustations. 

Heated in a matrass, loses water, and the color changes to blue or 
green. A small crjatal, exposed to the inner flame, fuses and colors the 
outer flame pale-blue. On Ch in EFI, emits arsenical fumes and melts 
to a dark-gray globule of arsenide of cobalt which, with fluxes, gives the 
pure cobalt-reoetiona. 

Acids dissolve it readily to a rose-colored liquid ; the solution iu con- 
centrated hydrochloric acid appears blue, while hot. The pulverized 
mineral is partly decomposed by caustic potasaa; the powder assumes a 
bluish-gray color and the solution is sapphire-blue. 
Lavendidan. 

g 132. AsO>, CoO, NiO, CuO, and 110. 11=2,5—3. G=3. Amor- 
phous, with a greasy lustre ; color lavender-blue. 

Heated in a matrass, gives out water. In the forceps, fuses easily and 
colors the outer flame pale-blue ; the fused mass becomes crystalline on 
cooling. On Ch in RFl it fuses with emission of arsenical fumes. With 
fluxes, gives the reactions of Co, Ni, and Cu (see ^ 92). 
Earthy Cobalt. 

1 13.1. It is a variety of Wad (see J 184), containing sometimes a con- 
siderable quantityof oxide of cobalt, in combination with silicic or arsenic 

Witb Ex in OFl, gives a dark-violet glass, which in the RFl becomes 
blue. The SPh bead when treated on Ch with metallic tin frequently 
exhibits the copper-reaction. With Sd on platinum-foil it shows the pres- 



;d by Google 



Soluble in hydrochloric acid with evolution of chlorine ; the solution ia 
usually blue, and on addition of water becomes red. 

Ores of Coppkr. 
Native Copper. 

g lU. Pure Copper. H=2,5— 3. G=3.9. Of metallic iusltc, and 
copper-red color. Occurs usually massive or arborescent. 

It fuses on Ch to a globule which, if the heat is sufficiently high, as- 
sumes a bright bluish-green surface ; on cooling it becomes covered with 
a crust of black oxide. With the fluxes it gives the usual indications of 
copper. 

It dissolves readily in nifric acid. 
Copper Pyrites [Chalcopyrite]. 

1 135. Cu=S -f Fe'S=. H=3.5— 4. G=4.1— 4.3. Of a brass-yellow color 
and metallic lustre ; on exposure to moist air it becomes iridescent on its 
surface. Iloccurs crystallized, but usually massive. It is easily scratched 
■with a knife, giving a greenish-black powder. 

Heated in a matrass, decrepitates and yields sometimes a faiut sabli- 
mate of sulphur, assuming at the same time a darker color or becoming 
irtidescent. Heated in an open glass tube, sulphurous acid is given out 
abundantly. On Ch, when heated, it blackens, but becomes red on cool- 
ing ; with continued heat it fuses to a black globule, which is attracted 
h^ the magnet; this globule is brittle and reddish-gray in the fracture. 
The pulverized mineral, after roasting, gives with fluxes tho indications 
of iron and copper. With Sd on Ch it is reduced ; the metals are ob- 
tained in separate masses. Moistened with hydrochloric acid it colors 
the flame blue, even previous to fusion. 

It dissolves in nitric acid and, more readily, in aqua regia, leaving a 
residue of sulphur. 

Purple Copper [Erubescite]. 

J 13G. 3 Cu= S -(- Fe' S=.H=3. G^-l.l— 5. When crystalline, it usually 
affects the cubical form, and is of a pale yellowish color; when massive, 
its eolor is copper-red to reddiah-brown ; it speedily tarnishes, assuming 
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various iues, mostly purple, blue, and reddish. When scratched with a, 
knife it gives a grayish powder. 

Before the BIp it shows pretty much the same hehavior as copper 
pyrites. 

Concentrated liydroehlorie acid dissolves it, leaving the greater part of 
the sulphur behind. 
Copper G-lance. 

1 137. Cu'S. H=2.5— H. G=5.5 —5.8. Of » blacliish lead-gray color, 
often witb a bluish or greenish tint on its surface. Occurs usually in 
compact masses, very often shining. 

H at ii a mat a th n latile is given out. In an open tube, 

s Ij 1 ad Id On Ch, readily fuses to a globule, which 

bladmlglK dp ulphuroiis acid escaping abundantly ; 
th t fl m at h am time colored blue. With Sd on Ch it 

y id a gl b 1 of m tall pp . 

In heated nitric acid it dissolves, leaving a residue of sulphur. 
Gray Copper [Tetrahedrite]. 

gl38. 4(Cu''S. FeS. ZnS) (SbS'. AsS') frequently containing silver 
and mercury. H=3 — 4.o &^4 5 — 5 Lolor between steel-gray and 
iron-Wack. 

Heated in a matrass, fu'^i.s and finally yields a dark-red sublimate of 
tersulphide of antimony with antimouous acid. In an open glass tube, 
fuses and gives thick fumes of antimony {and arsenous acid), and su!- 
pharoos acid; mercury, nhen present, condenses in the upper part of 
the tube, forming a metallic niirror On Ch it fuses readily to a globule, 
emitting thick white fumes and sulphur vapor; coatings of antimonous 
acid and of oxide of zinc are deposited ; the latter is nearer to the assay- 
piece and may be tested with SoCo [v. |45]. To detect, arsenic, v. J 56. 
To detect mercury, add to the finely pulverized assay three times its 
weight of dry Sd and treat the mixture as directed | 91. The pulverized 
mineral, after having been well roasted, gives with the flu:res the indica- 
tions of iron and copper ; with Sd, affords metallic copper and a little 
iron. To detect silver, treat the mineral with pure lead and Bx as 
directed 1 103. 
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When pulverized it is decompospd bj nitric acid, tlie solution bas a 
brownish-green color; antiaionons acid (and arseiioas acid) and sulphur 
reraaia undissolved. Canstic potassa effects partial decomposition ; the 
sulphide of antimony (and arsenic) enters into solution, and is, on addi- 
tion of an acid, re-precipitated. 
Tennantiie. 

S 139. 4{Ca% FcS), AsS'. H=3.5— 4. G=4.37— 4.5. Always crja- 
tallized; metallic lustre; color blacMsh lead-gray to iron-black. 

In a matrass, gives a sublimate of tersulpbide of arsenic. In an open 
tube, snlphuroua acid and a sublimate of arsenous acid. On Cb, fuses 
easily with emission of sulphur and arsenic vapors to a dark-gray globule, 
■which is attracted bj the magnet. The pulverized mineral gives, after 
calcination, with fluxes, the reaction of iron and copper. 

Arsenical Copper [Domeykite.] 

1 140. Cu'As. H^3 — 3.5. Reniform, massive, or disseminated ; lustre 
metallic ; color tin-white ; black and soft when impure. 

Heated in a matrass, yields a little water and a sublimate of arsenous 
acid ; the assay-pieco assumes a silver-whife color. In an open tulje, 
affords a crystalline sublimate of arsenous acid. On Ch, fuses easily 
with emission of a strong alliaceous odor to a yellowish metallic mass, 
which gives the copper reactions. 

Readily soluble in niti'lc acid ; decomposed by hydrochloric acid, me- 
tallic arsenic remaining undissolved. 

Atacamite. 

U*l- CuCl + 3CuO + 3H0. H=3— 3.5. G=4— 4.3. Occurs crys- 
talline, or massive lamellar; color various shades of bright green, 
sometimes blackish-green. 

Heated in a matrass, gives out water and a gray sublimate, which, on 
cooling, becomes grayish-white; the water shows acid reaction. On Gh, 
fuses readily, colors the outer flame aznre-blne, and is finally reduced to 
a globule of metallic copper ; two coatings are deposited on the Ch, the 
one grayish-white and the other brownish, which, on being played upon 
with the RFl, change their place witli an aaure-blue tinge. 

Easily soluble in acids. 
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Med Copper. 

gl42. Cu'O. H=3.5 — 4. G=5.8 — 6. Usoallj of a very intense, deep 
red color, occasionally crimaoii-red ; exceedingly friable. 

Heated in the pincers, fuses and colors the outer flame emerald-green ; 
moistened with hydrochloric acid and treated in the same manner, the 
color is azare-hlue. On Ch it blackens, then fuses c[uietly, and finally 
yields a globule of metallic copper which, on cooling, becomes covered 
with a coating of black oxide. 

Dissolves readily in nitric acid. With hydrochloric acid it gives a 
brownish solulion, which on addition of water is decomposed, a white pre- 
cipitate of subehloride of copper being formed. It is also soluble in 
amiaoma: tho solntion is colorless when the access of air is prevented; 
on exposure to air it turns bine. 

Malachite. 

g 143. 2CuO.CO=+HO. H=3.5— 3. G=3.7— 4. Occurs usually 
in the shape of mammillated concretions; the interior is very compact, 
and lustre shining, in the fracture sometimes earthy, sometimes silky; 
of a bright green color. 

Heated in a matrass, gives out water and turns black. On Ch, fuses 
to a globule, and affords metallic copper when tie heat is sufficiently 
high ; heated iu the forceps, the outer flame is colored green. With 
fluxes and Sd it behaves like oxide of copper (v. Table II, 8). 

It dissolves in acids with effervescence ; also soluble in ammonia. 

Azurite [Blue Malachite]. 

I Hi. 2(CuO.CO') + CuO. no. H=3.5.— 4. G=3.5— 3.8. Oeeuca 
usually crystallized, or in globular masses of columnar structure. It 
is easily distinguished by ita fine blue color; either earthy or vitreous in 
lustre. 

Before the Bip, and to solvents, it behaves like malachite. 
Copper Vitriol [Cyanoaite]. 

U45. CuO. S0'+5H0. H=2.5. G=2.21. Lustre vitreous ; color 
various shades of blue ; taste metallic and nauseous. 

Heated in a matrass, swells up, gives out water, and becomes white. 
Oft Ch, colors the outer flame green, fuses, and affords a button of metal- 
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lie copper, crusted with a coat of sulphide. After ealci nation, gives with 
fiuxes the reactions of copper, sometimes also those of iron. 

Soluble in water ; a polished plate of iron introduced into the solution 
becomes coated with copper. 

PTiosphochalcite. 

I U6. 3CuO.PO> + 3(CuO.HO), sometimes 2(3CnO.PO') + H0+ 
4(CuO.HO). H=4.5— g. G=4— 4.4. Occurs both crystallized and 
massive. Of adamantine lustre, and dark emerald-green or blackisb- 
green color. 

In a matrass, gives out water and blackens. A piece, previously 
heated in a matrass, fuses in the forceps to a black globule, which be- 
comes crystalline on cooling. With Bx and SPh, bebaves like osido of 
copper. Strongly heated on. Ch with a sufficient quantity of Sd, nearly 
all the copper is obtained as a metallic globule. Mixed with an equal 
volume of metallic lead and fused on Ch, a globule of metallic copper is 
obtained, surrounded by^a fused mass of phosphate of lead, which on 
cooling crystallizes. 

Soluble in nittio acid, and in caustic ammonia. 
Olivenite. 

gl4T. 3CuO. (AsO».PO")-fCuO.HO. H=3. 0=4.1—4.4. Crys- 
tallized, or in globular and renifurm ma33e.s, of indistinctly fibrous struc- 
ture. Color usually olive-green. 

In a matrass, yields a little water. In the forceps, fnses to a globule 
and colors the outer fiame bluish-green ; the fused mass erystalliaea on 
cooling. On Ch, fuses with detonation and emission of arsenical vapors 
to a metallic globule ; the globule is white and somewhat brittle, and 
covered with a brown scoria. Posed with metallic lead, it is decomposed 
in the same manner as the preceding ore. 

Dissolves in nitric acid, also in ammonia. 
TyroUte. 

1 148. i:(3CuO.AEO=+3HO) + 2(CuO.HO)] + CaO,CO'. H=i— 3. 
G=^3. Usually reniform, massive; structure radiate foliaceous. Color 
pale-green. Very sectile. 

Heated in a matrass, decrepitates, yields much water, and blackens. 
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On Ch, fuses with emission of arsenical vapors to a gray s< 
mass, in -wliich minute globules of metallic copper occasionally appear. 
When the mineral is fused on Ch, with addition of Sd and Bs, until the 
oxide of copper is completely reduced and the slag dissolved in hydro- 
chloric acid, a solution is obtained in which the pi'esence of lime may bo 
shown by the proper reagents. 

Dissolves in nitric acid with effervescence, also in ammonia, 
Ckry»ocolla. 

1 149, 3CuO, 2SiO'+GnO. H=2— 3. G=2. Occurs usually as an 
incrustation. It very much resembles malachite ; its color is bluiab- 
green, and it is remarkable for its great compactness ; its surface is very 
smooth, giving it the appearance of an enamel or a well-fused slag. 

In a matrass, yields water and blackens. In the forceps infusible, 
coloring the outer flame intensely green. On Ch in OF! blackens, in 
EFl turns red. SPh and Bx dissolve it wilh the usual indications of 
copper ; the SPh bead shows a cloud of undissolved silica. With Sd on 
Ch, affords globules of metallic copper. 

It is decomposed by acids, silica remaining undissolved. 

Ores op Gold, Platinum, akd Iridium. 

Native &old. 

I 150. Combination of Au and Ag in variable proportions, sometimes 
with traces of Fe and Cu. H=2.5— 3. G=13.G— 19.5. Easily distin- 
guished by its malleability, its cutting like lead, its high specific gravity, 
and its resistance to acids. Color and streak various shades of goid-yel- 
iow. It usually occurs in variously contorted and branched filaments, 
in scales, in plates, or in small irregular masses. 

On Ch, fuses to a glohule which, after cooling, has a bright metallic 
surface. With SPh in OFl, a bead is formed which opalizes on cool- 
ing, or becomes opaque and yellow, according to the amount of silver 
which it contains. 

Kesists the action of heated concentrated nitric acid ; soluble only in 
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Graphic Tellurium [Sjlvanite.] 

1 151. AgTe+2AuTe'. H=1.5~2. G=5,7. Of metalliclustre and 
steel-gray color. Very sestile. 

Id an open glasatube, yields a white sublimate wliieh, wben played 
upon -with the flame, fuses to tratispareat drops. On Ch, fuses to a dark- 
gray globule, depositing at the same time a white Ct which, when touched 
wilt the KFi, disappears, lining the flame bluish-green (see J? 29, 
35). It finally affords a light-yellow malleable globule of metallie lustre. 

Soluble in aqua regis, leaying a residue of chloride of silver. The 
Bolation gives a white precipitate with water. 

Native Platinum. 

1 152. Pt, usually combined with a little Fe, Ir, Os, Pd, Bh, and some- 
times Cu and Pb. 

H— t— 4.5- G=16— 19. Usually occurs in grains of siker-whitish 
or gray color, malleable and ductile. 

Infusible before the Blp and not act«d upon by fluxes. Soluble only 
in he&tcd aqua regia. The solntion gives a yellov grannlar precipitate 
witb chloride of potassium. 

Osmium-Iridium [Iridosmine]. 

1 153. The light variety IrOs* and IrOs*. H=6— 7. G=19..1— 21.1. 
Occurs usually in irregular flattened grains, of metallic l«stre and tin- 
white color; but little malleable. 

Infusible before the Blp ; when fused with nitre in a matrass, the cha- 
racteristic osmium odor is produced. The fused mass is soluble in 
water; the solution gives, on addition of nitric acid, a green precipitate. 
The dark varieties lose before llie Blp the metallie lustre and, when 
held in the alcohol flame, impart to it a yellowish -red color and great 
iuminafing power. 

Not visibly affected by any acid. 

Ones OF Iron. 
Meteoric Iron. 

J 154. Fe with variable quantities of Ni (from 1 to 20 per cent.) and 
traces of Co, Mg, Mn, Sn, Cu, Cr, Si, C, CI, S, and P. n=4.5. G=T.3— 
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T.8, rarelyasIoivasG. Lustre metallic; color iroa-gray; ductile; stronglj 
attracted by the magnet. 

Infaaible. On Ch with Bx or SPh gives only tJie reactions of iron. 
To detect the presence of the other heavy meials, the assay-piece must 
be dissolved in aqua regia, the liquid mixed with ammonia in excess, fil- 
tered, and the ammoniacal filtrates precipitated with sulphydrate of am- 
monia. The precipitate consists of the sulphides of nickel, cobalt, man- 
ganese, and copper, which may be collected on a filter and treated with 
Bx on Ch as described ? 10. 

Brown Hematite [Limonitc]. 

I 155. 2Fe20'. 3H0. n=5— 5.5. G=3.6— 4. Of a dull brownish- 
yellow color, earthy or Bemi-metalHe in appearance, and often in mani- 
millary or sialaetitic forms. 

In a matrass, yields water, and red sesquioxide remains; in platinum, 
forceps, fusible on the edges ; gives with Bx and SPh an iron reaction ; 
the clayey varieties treated with SPh give a doud of undissolved silica; 
treated with Sd and nitre on platinum foil, the manganese reaction ia 
almost always obtained. 

Specular Iron [Hematite]. 

3 I5G. Fe'C. H=5.5— 6.5. G=4.5— 5.H. Of a dark steel-gray or 
iron-biaet cgjpr and usually of metallic lustre; its powder is red. 

Infusible alone ; becomes magnetic after roasting, and gives the usual 
indications of iron with the fluxes ; its powder dissolves readily in heated 
hydrochloric acid. Contains sometimes chromium and titanium, which 
may be detected by the processes given in JJ68 and 111. 
Magnetic Iron Ore [Magnetite]. 

liar. FeO.Fe'O'. H=5.5— 6.5. G=4.9— 5.2. Its color is iron- 
black, with a shining metallic or glimmering lustre ; its powder is blaclc; 
it is stronglj attracted by the magnet. 

It fuses with difficulty, and gives the usua! reactions of iron with the 
fluses ; the pulverized mineral dissolves completely in hydrochloric acid. 
Iron Pyrites. 

I 15S, FeS*. II=i6 — 6.5. G=4,8 — 5. Occurs commonly in cubes. 
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Usually of a bras3-jellow color and metallic lustre. By its superior hard- 
ness, not yielding lo the knife, and emitting sparks ivhen struck with 
Bteel, it may be distinguished from copper pyrites. 

Heated in n glass tube closed at one end, usually emits some sulphur- 
etted liydrogen,andyield3a sublimate of sulphur; the residue is attracted 
by the magnet. Heated on Ch with the OF!, the sulphur bnrns ofF with 
a blue flame, and leaves red oxide behind, which, when treated with the 
fluxes, gives pure iron reactions. But slightly affected bj hydrochloric 
acidj niliic acid dissolves it, leaving a residue of sulphur. 
White Iron Pyrites [Mareasite]. 

|U9. FeS*. H=G— 6.5. G=4.G— 4.8. Crystals are prismatic. Color 
usually light bronze-yellow, sometimes inclined to green or gray ; occurs 
freq^uently in radiated masses or crest-like aggregations. Very liable to 
decomposition. 

Before the BIp it behaves like the preceding. 
Magnetic Pyrites [Pjrrhotine]. 

O60. 5FeS -}- re's'. H=3.5— 'U. G=4.4— 4.7. Very much re- 
sembles common iron pyrites, from which it is distinguished by its infe- 
rior bardness, and by being slightly attracted by the magnet. 

Healecl in a matrass, remains unchanged ; in the open glass tube, 
emits sulphurous acid but yields no sublimate. On Ch in SPl, fuses lo 
a globule, which is covered with an uneven black coating, which follows 
the magnet, and which, on a surface of fracture, exhibits a yellowish 
crystalline structure and metallic lustre. In OFl it is converted into red 
oxide. 

Soluble in hydrochloric acid, excepting tbo sulphur, with evolution of 
sulphuretted hydrogen. 

Arsenical Pyrites [Mispickel]. 

^61. FeS"+FeAs. H=5.3— 6. G=5— S.4. Of metallic lustre and 
a silver-white color. Streak dark grayish-black. Brittle. 

Heated in a matrass, yields first a red sublimateof sulphide of arsenic, 
and afterwards a black crystalline one of metallic arsenic ; in an open 
glass tube, yields arsenons acid and sulphurous acid. On Ch, emits co- 
pious arsenical fumes, and a Ct of arsenous acid is deposited ; then fuses 
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to a globule which sliows the properties effused magnetic pyrites. Fre- 
quently contains cobalt, the presence of which may be detected by the 
method described in g 69. 

Soluble in nitric acid and aqua regia, leaving a residue of sulphur and 
arsenous acid ; Ihe latter dissolves with continued digestion. 
Titaniferous Iron [Ilmenite]. 

g 162. Ti«0' and Pe=0' in various proportions. H=3— 6. G=5.5— 5. 
Of iron-black color, usually in tabular crystals, bears a great resemblanco 
to specular iron, but gives no red powder. 

Alone in the OFl infusible ; in EFl it may be rounded at the edges. 
With Bx and SPh m OFI, gives the reactions of pure oxide of iron ; 
but the SPh bend when treated with the RFl assumes a brownish-red 
color, the intensitj of Khich depends upon the amount of tilauic acid 
present , this glass, when treated with tin on Ch, turns violet {y. Table 
ir, 23) Tn show conclusively the presence of Ti, follow the method 
given in | 111. 

Dissolved by hydrochloric acid and aqua regia with separation of titanic 
acid i some varieties dissolve with great difSculty, even when reduced to 
a very fine powder. 

Spathic Iron [Chaljbitej. 

J 163. F«0. CO". H=3.5 — i.5. 0=3.7—3.9. Color from grayish-yel. 
low to reddish-brown ; crystallizes in rhombohedrons, which are often 
curved, and are very distinctly cleavable; often massive. 

Heated in a matrass, frequently decrepitates, carbonic acid and car- 
bonic oxide are given out, and a black oxide of iron remains, which is 
attracted by the magnet. Alone, infusible. With Bx and SPh it gives 
the pure iron reactions, and with Sd sometimes those of manganese. It 
dissolves in strong acids with effervescence, but with difBculty, and only 
when pulverized. 

Qreen Vitriol [Copperas]. 

? 164. FeO.S03+7HO.H=2. 0=1.83. Occurs usually massive and 
pulverulent, of various shades of green, becoming yellowish on exposure 
to air; taste astringent and metallic. 
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In a matrass, gives out aulphurooa acid and water, which shows acid 
reaction. Strongly heated, oiJy seaqaioxide of iroa remains. 

Soluble in water. 
Vivianite. 

g 163. 6{3FeO,PO>+8HO)+(3Fe»0",2PO'+8HO). H=1.5— 2. 

G=2.66. Occurs crystallized, or in reniform and gloliukr masses, some- 
times as ineru station. Color blue to green, usually dirty blue. 

In a raatraas, swells and gives pure water. In the forceps, fuses to 
a steei-graj metallic globule, coloring the outer flame hluish-green. 
With fluxes gives the reactions of iron. 

Easily soluble in hydrochloric acid and nitric acid. With a solution 
of caustic potassa, it blackens. 
Seorodtte. 

g 16G. Fe''0=,AsO'+4HO. H=3.5— 4, G=3.I— 3.,^. Crystallized. 
Color pale leek-green or liver-brown. 

In a matrass, yields pure water. In the forceps, fuses to a gray, hco- 
riaccous slag of metallic lustre, coloring the. outer flame pale-blue. On 
Ch, emits arsenical vapors and fuses to a gray magnetic slag, of me- 
tallic lustre, which gives with fluxes the reactions of iron. 

Not affected by nitric add; forms a brown solution with hydrochloric 
acid; partially dissolved by ammonia, leaving a brown residue. 



OBliS OP Le.111. 

Plumbic Ochre. 

I 161. PbO, containing freciuently PbO.CO', CaO, FeH)', and SiO*. 
G^=8. Massive. Lustre dull; color between sulphur and orpiment- 
yellow. 

Before the Blp, behaves like oxide of lead. 

Minium. 

|1G8. PbO,Pb^O'. G=4.6. Pulverulent. Color vivid red, mixed with 
yellow. 

Before the Blp, behaves like oxide of lead. 
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With hydroehlorio aeid, evolves chlorine and is converted into chloride 
of lead. With nitric acid, becomes brown. 
G-alena. 

^ leg. PbS. n=2.5— 2.75. G=7.25— T.T. Color, lead-gray ; of 
metallic lustre. Crystals usually affect the cubital form, and possess 
very perfect cubic cleavage. 

Heated in a, matrass, sometimes decrepitates and frequently yields a 
slight white sublimate. Heated in an open glass tube, emits sulphurous 
acid, and, on the heat being raised, gives a white sublimate of sulphate 
of lead. Heated on Ch, affords a globule of pure lead, the Ch be- 
coming at the same time covered with sulphate of lead and oxide of lead. 
The globule of metallic lead yields generally a little silver on cupclia- 
tion. The presence of ant aonj s ascerla ned d s! own ^ 49. Zinc, 
1113. Iron, I 8a. 

It dissolves with some d ffieulty n b 1 ng 1 y Irochioric acid, with evo- 
lution of sulphuretted hydrogen "^ erj d ! te a tr e acid has no effect 
on it, but by a stronger ae d t s read ly dissolved ivith evolution of 
nitrous acid vapors. By fara ng n tr c ae d a d nq a regia it is very 
violently acted upon, being eon erted to sulpl ate or a mlsture of the 
sulphate with the chloride. 
Bournonite. 

k ITO. 3Cu»S,SbS>+2C3PbS,SbS^). H=2.5— H. G=3.7— S.9. Occurs 
crystallized, and massive, granular, compact; lustre metallic; color 
and streak steel-gray. 

In a matrass, decrepitates and yields with strong heat a dart-ied subli- 
mate. In an open tube, sulphurous acid is evolved and abundant anti- 
monial fumes, which condense partly on the upper and partly on the 
lower side of the tube; the former consist of antimonous acid, which is 
volatile; the latter ia not volatile, and consists of a mixture of antimo- 
nate of oxide of antimony with antimonatc of lead. On Ch, fuses 
readily to a black globulo and deposits a Ct of antimonous acid ; with 
strong heat a Ct of oxide of lead is obtained; the remaining globule, 
when treated with Bx in OFI, gives the reactions of copper, and the 
globule assumes the appearance of metallic copper. 
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Dissolves readily in nitric acid ta a blue liquid, leaving a residue of 
antimoooiis acid and sulphur. Aqua regia leaves a residue of sulphur, 
cMoride of lead, and antimonite of lead ; the solution gives a precipitate 
with water. Ammonia dissolves a portion of the sulphide of autimony. 
The following ores behave before the Blp in a very similar manner. 
G-eocronite. PbS, (SbS>, AsS^) + 4PbS. 
Bufrenoysite. PbS, AsS» + PhS. 
Bovlangerite. PbS, S!>S» + 2Pb8. 
Seteromorphite. PbS, SbS' + PbS. 
Jamesonite. 2(PbS, SbS>) + PbS. 
Plagionite. .1 (Pb3, SbS') + PbS. 
Zinkenite. PhS, SbS'. 

Those minerals in which a part of the SbS' is substituted by AaS', 
give on Ch arsenical vapors, and in an open tube a crystalline subli- 

Oerasine {^Corneous Lead], 

glTl. PbCl + PbO.CO». H=2.7a— 3. G-=6— G..S. Forms crystals 
of adamantine Instre, of white, gray, or yellow color. 

In a matrass, decrepitates slightly and becomes a little darlcer yellow. 
On Ch, fuses readily, emits acid vapors, becomes reduced to raelallic 
lead, and gives a white Ct of chloride of lead and a yellow Ct of oxide. 

Dissolves in nitric acid with effervescence. 
White Lead Ore [Ceruaite]. 

|in. PhO.CO=. H=3— 3.5. G=6.4. Occurs granukrly massive, 
or in prismatic needles, or compressed plates. Color mostly ivhite, yel- 
low, or gray. 

When heated in a matrass, decrepitates and turns yellow ; carbonic 
acid is given out. Heated on Ch alone, is reduced to metallic lead. 
Treated with fluxes, dissolves with effervescence and gives the reactions 
of pure oxide of lead (v. Table II, 12) ; dissolves readily and with effer- 
vescence in dilute nitric acid ; with hydrochloric acid, leaves a residue of 
eWoride of lead ; dissolves in a solution of caustic pota,ssa. 
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Leadhillite. 

|173. PbO. SO«+3{PbO.CO«). 'h=2.3. 0=0.2—6.5. Occurs in 
transparent crystals of pearlj or resinoua lustre. Color white, passing 
into yellow, green, or gray. 

On Ch, inturaesces alightly, becoaes jellow, but white again on cool- 
ing ; with greater heat easily redaeed to metallic lead. 

Dissolves in nitric acid with effervescenee, leaying a residue of sul- 
phate of lead. 

Lead Vitriol [Anglesito]. 

'i Hi. PbO. S0» H=2.T5— 3. G=6.2. It often occurs in small octa- 
hedral crystals with many facets, but more frequently in laminar masses ; 
ofbighl-astre. 

Heated io a matrass, decrepitates and usually yields a little water. 
Treated on Ch in OFl, fuses to a clear bead, which on cooling turns 
milk-white ; with 8d on Ch, affords a globule of metallic lead ; the 8d is 
absorbed by the Ch and shows, when placed on sllver-foil, a strong sul- 
phur reaction. With the fluxes, gives the reactions of oxide of lead. 
Traces of iron or manganese may be detected by Bx or Sd as shown 
^l 83 and 90. 

It dissolves in acids only with great difficulty ; by hydrochloric acid it 
is partly decomposed ; the pnlverlEed mineral is soluble in a solution of 
caustic potassa. 

Phosphate of Lead [Pyrotnorphite]. 

gl75. Essentially PbCl + 3(3PhO.[PO'.AsO=J). H = 3,5— 4 G^ 
6.5 — 1. It occurs often in globular masses with a columnar struc- 
ture, also fibrous and granular. Color green, yellow, and brown. 

Heated in a matrass, sometimes decrepitates and yields, with con- 
tinued heat, a faint white and volatile sublimate of chloride of lead. 
Heated in the platinum. pointed pincers, fuses readily and colors the outer 
flame blue ; if the amount of phosphoric acid is not too small the edges 
of the flame will appear green. With SPh and oxide of copper, gives 
the reaction for chlorine, g65. On Ch in the OFI, fuses to a globule, 
which on cooling assumes a polyhedral form and a dark color; in 
the RFl, yields a Ct of oside of lead, and the globule, on cooling. 
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assumes ^odecahedral facets of pearly lustre. Witli boraeic acid and iron 
wire, gives the reaction for phosphoric acid (| 95). With Sd on Cb, 
affords metallic lead. Somo varieties contain arsenic acid, which is 
readily detected ty the odor when treated with Sd on Ch (J 54). 

Soluble in nitric acid, and solution of caastic potassa. 

Plumbo-Resinite, 

glT6. 3PbO. FO»+6(ATO»,3HO). H=4— 4 5 G=C 3— 6.4. In 
reniform or globular masses, with a columnar strnct re also compact 
massive. Of resinous lustre; color nsually yellow hbron resembling 
gum-arabic in appcamnee. 

In a matrass, decrepitates and gives out water. In the forceps, intu- 
mesces and colors the outer flame azure-blue. On Ch, inturoesees, 
becomes white and opaque, and fuses but imperfectly, depositing a faint 
white Ct of chloride of lead. In small qnantities, soluble in Bx and 
SPh to clear beads. With Sd on Ch, minnte globules of metallic lead 
are obtained. Treated with SoCo, assumes a fine blue color. 

Soluble in nitric acid. 

Med Lead Ore [Crocoisite]. 

gl77. PbO.CrO'. H=2.5— 3. G=5.D— G.l. Occurs usually in bright 
hyacinth-red crystals of adamantine lustre. 

In a matrass, decrepitates ; the crystals are broken up into minute 
pieces and assume a darker color. On Ch, fuses and becomes reduced 
with detonation ; a Ct of oxide of lead is formed, and grayish-green ses- 
quioside of chromium remains wilh the metallic globule. With Sd on 
Ch, affords a globule of metallic lead. With Sd on platinum foil, fuses 
to a dark-yellow mass, which becomes green in RFl. With Bx or SPh 
in OFl, dissolved ; the bead appears yellow while hot, but becomes green 
on cooling. Fused in a, platinum spoon with from 3 to 4 parts of bisul- 
pbafe of potassa, gives a dark-violet mass, which is greenish -white when 

Dissolves in heated hydrochloric acid to a green liquid, leaving a resi- 
due of chloride of lead. Dissolves with difficulty in nitric acid to a yel- 
lowish-ted liquid. A solution of caustic potassa colors it brown, and 
finally dissolves it to a yellow liquid. 
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Vauquelinite. 

? 178. 3CuO,2CrO>+2(3PbO,2CrO=). H=2,5— 3. 0=5.5—5.7. Oc- 
curs usually in minute crjHtala, or m ceniform or granular masses. 
Color dark-green to brown, sometimes nearly black. 

On Cbjfuses with effervescence toagraysubmetallic globule; where the 
rnass ia in contact with the coal small globules of lead make their ap- 
pearance ; in EFl a Ct of oxide of lead is formed, Witii Ex or SPh in 
Fl, clear green beads are obtained, which remain green on cooling, but 
which on application of the BFI become red and opaque ; this reaction 
appears moat distinctly on Ch with Sn. With Sd on platinum wire in 
OFI, dissolves to a transparent green bead, which on cooling becomes yel- 
low and opaque; on treating the bead with a few drops of water, a yellow 
solution is obtained, in which the presence of chromic acid may be proved 
as described J G8. With Sd on Ch, is completely decomposed ; on treat- 
ing the reduced metals with boracie acid on Ch (v. ^71) a globule of me- 
tallic copper is obtained. 

Partly soluble in nitric acid to a dark green liquid ; the residue is 

Wiilfenite [Yellow Lead Ore]. 

§ 179. PbO, MoO', sometimes wilh a little CcO^ H=Z,75— 3. G=S.3 
— 6.9. Crystallized or granularly massive, firmly coherent. Color usu- 
ally was -yellow, passing into orange-yellow. 

In a matrass, decrepitates and becomes darker while hot. On Ch, 
fuses and is partly absorbed by the coal, while metallic lead and a Ct of 
oxide of lead are deposited. With Bx or SPh on platinum wire gives 
the reactions of molybdic acid {v. Table II, 15). W^ith Sd on Ch, affords 
a globnle of metallic lead. Fused with bisulphate of potassa in a pla- 
tinum spoon, a yellowish mass is obtained, which becomes white on cool- 
ing ; treated with distilled water and a piece of metallic Kinc placed into 
the solution, the liquid assumes a blue color. 

Dissolves in concentrate hydrochloric acid to a green liquid, leaving a 
residue of chloride of lead. The pulverized mineral is decomposed on 
being digested with nitric acid; a yellowish-while residue is left, which 
becomes bine when exposed to air in thin layers. 
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Pyrolusite [Gray Ore of Manganese]. 

1 180. MnOl H=2— 2.5. G=4.8. Of black or dark-graj color and 
little lostre ; powder black ; sometimes of columnar structure. 

In a matrass, usually yields a little water; whcu beated to redness, 
oxygen is evolved. Alone infusible, but turning reddish -brown when the 
temperature is sufficiently high. Soluble in Bx and SPh with the usual 
mauganeso-reaclions i gives frequently the indications of iron. 

Soluble in hydrochloric acid with disengagement of chlorine. 

Mauamannite [Black Manganese]. 

gl81. MuO, MnW. H=5— 5.5. G=4.r. Crystallized, or granular, 
partlcies strongly coherent. Color brownish-black ; streak chestnut- 
browu. 

Before the Blp, and to hydrochloric acid behaves like the preceding 

Braunite. 

S 182. Mn' 0'. H=G— 6.5. G=4.7— 4.8. Occurs crystallized or mas- 
sive. Color and streak dark brownish-black. 

In a matrass, does not give any water; behaves otherwise like pyrolu- 
site. Dissolves in hydrochloric acid with disengagement of chlorine, 
leaving sometimes a residue of silica. 

Psilomelane. 

k 1S3. Composition very various, essentially Mo'O' with BaO or KO, 
and HO. H=3— e. G=.1.7— i.3. Maasive. Color iron-black; streak 
brownish -black, shining. 

Before the Blp and to solvents it behaves like pyrolusite. 
Wad [Bog Manganese]. 

^84. Bsseutially MnO=, MnO, and HO; contains often iVOV 
Al^O* BaO, SiC, 4c. H=0.5— 6. G=3— 4.2. Amorphous, earthy or 
compact, of a dull black color. 

In a matrass, yields water abundantly, and otherwise behaves like 
pyrolusite. Some varieties, known under the name of "Cupreous Man- 
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ganese,'' when treated with Sil and Bx on Cli, aEFord a globule of metallic 
copper. 

Diallogite. 

S 185. MqO,CO= when pnre, sometimes (MiiO, FeO, CuO, MgO), 
CO'. H=3.5— 4.5. G=3.4— 3.6. Oecura crystallized, or in glotiular 
masses of columnar straetare ; also massive. Color shades of rose-red, 
brownish ; streak white. 

In a ma,trftS3, some varieties give a little water and decrepitate vio- 
lently. Infusible. Some varieties, when heated in RFI, Ijecome mag- 
netic. Dissolves in fluxes with effervescence and gives usually the reac- 
tion of manganese and iron. 

The pulverized mineral is little affected by hydrochloric acid in the 
cold ; on heating dissolves with effervescence. 

Franklinite. 

nae. ZnO,Mn»0»+4Fe=0». H=5.5— 6.S. G=5, Occurs crystal- 
lized, and massive. Lustre metallic ; color iron-black ; streak dark red- 
dish-brown ; acts slightly on the magnet. 

Infusible. Dissolves in Bx and SPh with manganese-reaction; the 
Bx bead, when treated on Oh in RFI becomes bottle-green. With Sd 
on platinum foil, gives manganese-reaction. With Sd on Ch, gives a 
faint Ct of oside of zinc, which becomes more distinct on addition of Bx. 

Dissolves completely in heated hydrochloric acid to a greenish-yellow 
liqnid, chlorine being evolved. 



Ohes op Mekcuby. 

Native Mercury. 

gl87. Hg, sometimes containing a little Ag. G = 13.5. Metallic 
globales of a tin-white color. 

Heated in a matrass, is converted into vapor, which condenses in the 
neck of the matrass to small metallic globules. 

Dissolves readily in nitric acid. 
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J! 188. AgHg« and AgHg». 11=3—3.5. G=10.5— 14. Occurs 
erjaiallized and massire. Color and streak silver-white; opaque. 

In a matrass, boils, gives a Bublimate of metallic mercury, and leaves 
a spongy residue of silver, which on Ch fuses readily to a globule. 

Dissolves readily in nitric acid. 
Calomel [Horn Quicksilver]. 

1189. Hg'Cl. H=I— 2. G=6.48. Occurs usually in distinct crys- 
tals or cryslalline coats, of adamantine lustre and yellowiah-graj color. 

In a matrass, yields a white sublimate of snbehloride of mercury. 
Mixed with Sd and healed iti a matrass, affords globules of metallic mer- 
cury. On Ch, completely volatilized, giving a white Ct. Shows the 
chlorine-reaction when treated as described | 65. 

Treated with boiling hydrochloric acid, is partly dissolved and becomes 
gray. Not affected by nitric acid, dissolved by aqua legia. With a 
solution of caustic polassa, becomes black. 

Ginnabar. 

g 190. HgS. H=2— 2.5. G=8.9. Color various shades of red, from 
cochlneal-red to dark brownish-red. Powder always bright-red. It 
occurs in very small flattened crystals, or granularly massive. 

Heated in a matrass, is volatilized and condenses to a black sublimate, 
which by friction assumes a red color. Mixed with Sd, yields on heating 
globules of metallic mercury. In an open glass tube, is partially decom- 
posed into metallic mercury and sulphurous acid. On Ch it is, when 
pure, wholly volatiliMd, 

Nitric acid and hydrochloric acid have no visible effect on it. Aqua 
regia dissolves It, part of the sulphur being precipitated. Insoluble in 

OkES of NlUKEL. 

Copper Niclcel. 

1191- Ni"AsorNi'{As. Sb). H=5— 5.5. G=7.3— 7.6. Usually 
massive; of copper-red color, with a gray tarnish, and metallic lustre; 
very brittle. 
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In a matrass, affords a very slight aublimate of araenons acid. In an 
open glaaa tnbe, yields a copious Bublimate of arsenous acid, and usually 
a little Eulpiiurous acid; the asaaj-piece assumes at the same time a yel- 
lowish-green color and erumbles to powder. On Cli, emits arsenical 
fumes and fuses to a white and brittl 1 b 1 nh h when treated with 
Bx in EFl, imparts usually to the fl x th ! f iron and cobalt. 
Sometimes a faint Ct of oxide of lead d p ted the Ch. 

Dissolves almost completely in co t at d t acid; the solution 
has a green color; on cooling ars ad p tes. Keadlly dis> 

nolved by aqua regia. 

Nickel Crlance [GersdorfSte]. 

g 192. (Ni,Fe) + (S',As). H=5.5. G=5,6— 6.9. Of silver-tvhite 
or steel-gray color, and metallic lustre. 

In a matrass, decrepitates violently and yielils a yellowish-brown subli- 
mate of sulphide of arsenic. In an open glass tube, emits arsenona acid 
and sulphurous acid. On Ch, fuses with emission of sulphur and arsenical 
fumes to a globule which, when treated with Bx in RFl, gives the reac- 
tions of iron and cobalt. After haviug removed these two metals, the 
remaining globule exhibits with the fluxes the reactions of pure oxide of 
nickel. 

Partly dissolved by nitric acid, sulphur and arsenous acid being pre- 
cipitated. 

Nickeliferous Gray Antimony [Ullmannite]. 

I 193. NiS«+Ni(Sb,As). H=5— 5.6. G=G.2— C.5. It closely 
resembles the preceding ore in its physical properties. 

In a matrass, yields a slight white sublimate. In an open glass tube, 
emits copious antimonial fumes and sulphurous acid. On Ch in RFl, 
fuses to a globule, and coats the Cb with antimonous acid ; sometimes the 
odor of arsenic is observable. The melting globule, when treated with 
Bx, frequently exhibits the reactions of iron and cobalt besides those of 
nickel. 

It is violently acted upon by concentratod nitric acid, sulphur, anti- 
monous and arsenous acids being precipitated. Aqun regia dissolves if, 
excepting the sulphur, to a green liquid. 
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Capillary Pyrites [Millerite]. 

I 19i. NiS. H=3— 3.5. G=5.2— 5.G. Occurs usually in delicate 
Cftpillarj crystals of brass-jellow color and metallic lustre. 

In an open glass tube, evolves sulphurous acid. On Ch, fuses with 
emission of sparks to a metallic globule wliich is attracted by the mag- 
net. The calcined mineral gives with fluxes the indications of oxide of 
nickel, and sometimes also those of oxide of cobalt. 

By heated concentrated nitric acid it ia but little affected, but Its color 
is changed to gray. Bj aqua regia it is wholly dissolved. 
Hmerald Nickel. 

?i 195. {NiO.CO*+4HO)+2(NiO.HO). H=3— 3.2. G=2,5— 2.7. 
Usually forma incrustations of emerald-green color, and vitreous lustre. 

In a matrass, loses already at 212" a considerable amount of water, 
and blackens. In Bx and SPh, dissolves with effervesce nee, exhibiting 
the characteristic nickel -reactions. 

Dissolves easily in heated dilute hydrochloric acid with elTervescence. 
Annabergite [Nickel Green]. 

g 19S. 3NiO.As05+8HO. Soft. In capillary crystals, also massive 
and disseminated. Color fine apple-green. 

In a matrass, yields water and darkens in color. In the forceps, ftisea 
and colors the outer flame light-blue. On Ch in KFl, fuses with emis- 
sion of arsenical vapor to a blackish-gray globule ; when treated with Bx 
the globule gives the reactions of nickel, sometimes also those of iron 
and cobalt. 
Soluble in acids. 



Native Silver. 

i 197. Pure silver, associated with gold, copper, arsenic, iron, and other 
metals. H=2,5— 3. G=10— II. Color silver-white ; lustre metallic ; 
ductile and malleable. Occurs usually in twisted filaments, or arbores- 
cent ; sometimes in plates or massive. 
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On Ch, fuses easily to a globule, wUicli assumes a briglit Kurfaee, and 
shows after cooling a silver-wbite colon Foreign metals are detected by 
the methods given ^| 103-105. 

It dissolves in nitric acid. 

Antimonial Silver [Diacrasite]. 

?i98. Ag=Sb and Ag*SI]. H=3.5— 4. G=9.4— 9.8. Occurs crys- 
tallized or massive, granular. Lnstre metallic ; color and streak silver- 
On Ch, fuses readily to a gray non-ductilo globule and coats the Ch 
with oxide of antimony ; with continued heat the globule assumes the 
appearance of pure silver, and the Ct becomes reddigh. 

Dissolves in nitric acid, leaving a residue of oxide of antimony. 
Jlorn Silver [Kerargyrite]. 

n99. AgCl. H=l— 1.5. G=5.5. Remarkable for its pearl-gray 
or greenish color, its semi-transparency, resinous lustre, and more espe- 
cially for its softneas, which is so great as to allow it to be marted by 
the nail. It turns brown on exposure to air. When rubbed with a 
moistened plate of zinc or iron the latter becomes covered with a coating 
of silver. 

It fuses in a candle-flame. On Ch, is easily reduced, especially when 
mixed with Sd. Mixed with oxide of copper and heated on Ch in RFl, 
chloride of copper is formed, which colors the flame azure-hlue (v. ^ 63). 

Insoluble in water and nitric acid. Slowly soluble in caustic ammonia. 
Partially decomposed by a boiling solution of caustic potassa. 
Emholite [Chloro-bromide of Silver]. 

1 200. 2AgBr+3AgCl. H=I— 1.3. G='3.3— 5.1. Crystaliined or 
massive. Lustre resinous ; color various shades of green. 

On Ch, fuses readily, evolves pungent vapors of bromine, and affords 
a globule of metallic silver, With Sd on Ch, reduced -, on dissolving in 
water the alkaline mass which has passed into the coal, evaporating the 
solution to dryness, and treating the residue with bisulphate of potassa 
as described g 63, bromine- vapors are given out. Fused with oxide of 
copper on Ch in RFl, colors the outer flame greenish, then blue (v. ? C3). 
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Bromyrite [Bromic Silvei']. 

^201. AgBr. H=l— 2. 0=5.8—6. Occurs usually in amall con- 
cretions. Lustre splendent; color yellowish-green or green. Sectile. 
Its action before the BIp not known ; behaves probably like the pre- 

Only slightly affected by aeida. Dissolves in heated concentrated 



lodyrite [Iodic SilvcrJ. 

? 202, Agl. Soft. 0=5,5. Occurs crj'stallized or in thin plates with 
a lamellar stcuctnre. Color cilron-yellow to yellowish -green. 

On Ch, fuses readily, colors the flame purple-red, and affords a globule 
of silver. 

Silver Glance. 

1 203. AgS. H=2_2.5. G=7. Color blackish lead-gray: lustre 
metallic. It is easily distinguished from other minerals of the same 
color by being cat by a knife like lead. 

On Ch in OFl, intumesces, gives out sulphurous acid, and finally yields 
a globule of metallic silver. 

Soluble in dilute nitric acid, leaving o residue of sulphur. 

Ruhif Silver [Pyrargyrite. Dark-red Silver Ore]. 

§204. 3AgS, SbS'. H=2— 2.5. 0=5.7—5.9. Color dark red to 
black, giving a cochineal-red powder. Crystoilizes in hexagonal prisms. 

In a matrass, fuses very readily and yields with continued beat a subli- 
mate of tersulphide of antimony. In an open glass tube gives antimotlial 
fumes and sulphurous acid. On Ch, fuses readily and deposits a Ct of 
anlimonous acid, being converted into sulphide of silver; if for a Iqng 
time exposed to the OFl or, when mixed with Sd, to the RFl, affords a 
globule of metallic silver. 

Part of the SbS^* is sometimes substituted by AsS"; it then gives out 
arsenical fumes when mixed with Sd and heated in the EFl on Oh. 

The pulverized mineral, when heated with nitric acid, turns black and 
is ultimately dissolved, leaving a residue of sulphur and antimonous acid. 
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Caustic potassa also blackens it niid effucta parlia! solution, from wliitli 
acids precipitates tersulphide of antimony. 
ProusHte [Light-red Silver Ore]. 

g205. .lAgS, AsS'. H=2— 2.5. 0=5.4—5.5. Verj much resembles 
tiio dark-red silver ore, but is of a aomewhat lighter color. 

Before the BIp and to solvents, beliares like the preceding, excepting 
it gives off arsenical fumes instead of ftntimonous acid. The solution 
in caustic jjotassa deposits a yellow precipitate when neutralised with 

Brittle Silver Ore [Stephanite]. 

I 206. 6 AgS, 8bS3. H=2— 2.5. G=G.2, Of metallic lustre and iron- 
black color; it is vtry brittle and fragile, and its powder black. 

In a matrass, decrepitates, then fuses and ultimately yields a feiul 
sublimate of temulphide of antimony. On Ch, fuses very readily and 
coats the Ch with antimonous acid. If the blast with the FI is kept 
up for a sufficient time, (he Ct assumes a red color and a globule of me- 
tallic silver is obtained. Contains frequently copper and iron,Tvhich may 
be detected by the process described \ 71. If arsenic is present it gKes 
in the open tube a eryslalllne sublimate of arsenous acid. 

In dilute heated nitric acid it dissolves, excepting the sulpliur and 
antimonous acid; Ihe solution becomes milky on addition of water. 
Partially dissolved by a boiling solution of caustic potassa. 

Polylasite. 

S20r. 9[Cu'S,AgS) (SbS', AsS'). H==2— S. G=6.2. Occurs usually 
in short tabular prisms, or massive. Lustre metallic; color and streak 

In a matrass, fuses very readily, but gives nothing volatile.' In an 
open tube, gives sulphurous acid and antimonial fumes ; the sublimate 
contains sometimes crystals of arsenous acid. On Ch, gives a Ct of 
oxide of antimony ; with continued heat, gives a bright metallic globule, 
which, on cooling, becomes black on its surface ; sometimes a faint Ct 
of oxide of zinc is deposited ; the metallic globule affords with fluxes tbe 
reaotiott of silver and copper. 

With acids behnvpR like iionrnnnil". 
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Stromei/erite [Argentiferous Sulphide of Copper], 

J208. Cu«3. + AgS. H=2.5— 3. G=6.2— C.3. Occurs usually in 
Btiiall compact masses. Lustre metallic ; oolor dark steel-gray. 

In a matrass, fuses easily and gives somelinies a little sulphur. In an 
open tube, fuses to a globule and gives sulphurous acid. On Cli, fuses 
to tt gray metallic globule which is a little malleable; with fluxes the 
globule gives the reactions of copper, sometimes also those of iron ; on 
a eupel with lead affords a globule of silver. 

Dissolves in nitric acid, leaving a residue of sulphur. 



Tin Ore fCaasiterite]. 

1209. SnO'. H=.-6— 7. G=C.3— 7.1. Itoccnrs crystallized in square 
prisms terminated by more or less complicated pyramids; re-entrant 
angles are so frequent that they are to a certain extent characteristic ; 
niso massive, and in small mammillated masses of fibrous texture, hence 
called "wood tin." Color very various, but usually brown or blnek. The 
crystals commonly possess a very brilliant lustre. 

Infusible in the forceps ; the behavior before the Blp is that of pure 
oside of tin (v. Table 11, 22), excepting of its sometimes imparting to 
the B-^ bead a slight yellowish tinge, owing to the presence of iron, and 
exhibiting the reaction for manganese when fused with soda and nitre on 
platinum foil. 

Insoluble in acitJs. Fused with caustic pota.?sa, yields a mass which 
)s mostly wluble in water. 
Tin Pyrites. 

^210. 2Cu"S,SnS" + 2[FoS,ZnS),SnS". 11=4. 0=1.3—4.5. Of 
steel-gray or iron-black color, and mefalHe lustre. Occurs usually 
massive, granular, and disseminated. 

In an open glass tube, yields sulphurous acid and oxide of tin, which 
collects close to the assay-piece and which cannot be volatilized by heat. 
On Ch.in BFl, fuses to a black scoriaceous globule; in OFl, gives out 
sulphurous acid and becomes covered with oxide of tin. When well 
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calcined by the alterunte application of OFl and RFl, gives with Bx the 
inilicatlons of Fe and Cu. With Sd and Bx, yields a globule of impute 
copper. 

Decomposed bj nitric acid ; a blue solution isobtnined, and a mixture 
of sulphur and oxide of tin remains undissolved. 



Ores of Ziw. 

Red Zinc Ore [Zincite], 

g 21 1. ZnO, containing some MnW. H=4— 1.5. 0=5.4—5.3. Of 
a deep-red color and high lustre ; of distinctly foliated structure. 

Infusible alone. Dissolved bj Bs in OFl with manganese reaction. 
With Sd on Ch, deposits a copious Ct of oxide of zinc. 

Soluble in nitric acid without eifervescence | in hydrochloric acid with 
evolution of chlorine. 

Slende. 

?212. ZnS. H=3.5— 4. G=3.9— 4.2. Of very variable color, from 
yellow to black ; of resinous lustre and lamellar aspect, distinctly cleava- 
ble. It occurs often crystallized in rhomboidal dodecahedrons. The 
powder is always light colored, white or grayish, and dull. 

In a matrass, sometimes decrepitates violently, but gives nothing vola- 
tile; its color also remains unchanged, excepting the green varieties, 
which become yellow. Strongly heated in an open glass tube, sulphur- 
ons acid is evolved, and the color of the calcined assay is white, yellow- 
ish, or brownish, according to the amount of FeS which it contains. 
Alone, infusible or only rounded at the thinnest edges. On Ch in EPl 
ft feeble dark Ct of oxide of cadmium is usually obtained, which is soon 
followed by a pure zinc-Ct. With Sd on Ch, is easily reduced, and the 
characteristic zinc-flame may frequently be observed. Iron is readily 
detected by calcining the mineral in the OFl and treating the residue 
with Bx. 

The pulverized mineral dissolves in nitric acid, leaving a residue of 
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SmitliBonite [Calamine]. 

^213. ZnO.CO^ H=5. G=4— i.5. It is found crjstall zed a 
forms derived from the rhomboid. Of yilreous lustre and wh te {.raj oh 
or brownish color ( semi-transparent or opnque. Ofle stilict t c or 
mam miliary. 

Heated in a matrass, loses carbonic acid and, f p re appears after 
cooling en am el- white. The ZiiO is often to a large e\te t ub t tuted 
by FeO, MnO, CdO, PbO, MgO, CaO ; it then, after co I ng freq ently 
assumes a dark color and gives with fluxes the inl at is uf ron and 
manganese. Mixed with Sd and exposed to the EFI t a lecoinposed 
and oxide of zinc deposited on the Ch. If the tenperat re wis ra ed 
sufficiently high, a zinc flame is somelimes observable The Ct sat first 
dark yellow, or reddish when cadmium is present. 

It readily dissolves in acids with effervescence ; also In caustic 

Calamine. 

?2U. 3ZnO + SiO= -I- 2H0 or 2(3ZnO.SiO»)+3HO. H=4.o— 5. 
G^S.l — 3,9. It closely resembles in its physical characters the pre- 
ceding ore. It is electric by heat ; the smallest fragment heated attracts 
light substances. 

Infusible in the forceps. In a matrass, yields water and turns milk-white. 
Bx dissolves it to a transparent glass, which cannot be made opaque by 
flaming. It dissolves in SPh to a transparent glass, which becomes 
opaque on cooling, and in which, when highly saturated, clouds of silica 
are observable, while hot. With Sd on Ch, swells and afi"ords with diffi- 
culty a Ct of oside of zinc. With SoCo, assumes a green color, which, 
when the beat is raised, passes into a fine light-blue on the fused edges. 

It ia readily decomposed by acids, with separation of gelatinous silicic 
acid. Partly dissolved by caustic potassa. 



;d by Google 



APPENDIX. 

Fossil Fuel. 

Anthracite. 

I 215. C, with n small pGrcentnge of SLO'', Ai'0» and Fe'O'. H=2 
— 2.5. G=^1.3 — 1.8. Lualre bright, often sub-metallic i color iron -black, 
frequently iridescent. Fracture conchoidal. 

In » matrass, gives uaually a little water, but no empjreumatic oil. 
Heated on platinum foil in OFl, is slowly consnmed without flame, leav- 
ing a small quantity of ash, which consists of SiO*, Al'O', and more or 
less FeW. Does not color a boiling solution of caustic potassa. 

Bituminous Coal [Common Coal]. 

I 216. C, H, in variable proportions; the hituminoua matter con- 
tains from VG to 00 pec cent, of carbon ; tlie earthy impurities consist 
principally of SLO', Al'O', and CaO ; contains frequently a small amount 
of N and FeS". Softer than anthracite, 0=1.2—1.5. Less highly lus- 
trous than the preceding, and of a more purely black or brownish-black 

In a matrass, some varieties soften and cake (cakiag coal), while 
others are entirely infusible ; all varieties are decomposed, evolve com- 
hustihle gases and empyreumatic oils, and leave a residue of more or less 
metallic lustre (coke), which behaves like anthracite. On platinum foil, 
burns with a luminous flame and emission of smoke, leaving an earthy 

Boiled with a solution of caustic potassa, or with ether, imparts to these 
solvents no, or only a pale-yellow, color. 

Brovm Coal. 

I 217. Composition the same as that of bituminous coal, but the 
organic constituents contain only from 60 to 55 per cent, of carbon. In 
physical proportion bears sometimes a close resemblance to the pre- 
ceding; some varieties show diatinclij the texture of wood [lignite). 

In a matrass, infusible, but some varieties soAea ; evolves combusli- 
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ble gases, enipyreumatic oils, water of acid reaction, and a peculiar disa- 
greeable odor, leaving a residue which consista of carbon and a consi- 
derable amount of ash. On platinum foil, bums willi a smoky flame 
and emission of a peculiar odor. 

Boiled with a solution of caustic potassa, colors the liquid brown. 

Aipkaltum, 

§ 218. C, H, 0, in variable proportions, with about 75 per cent, of 
carbon. G^=i — 1.2. Of black or brownish-black color, and bituminous 

Fuses at about 100° C, and burns with a bright flame and emission of 
a thick smoke, leaving little ash, which consists essentially of SiO', 
ATO", and Fe'O'. In a matrass, gives empyreumatic oil, some ammo- 
niacal water, combustible gases, and leaves a carbonaceous residue. 

Treated with boiling ether, colors tbe solvent wine-red to brownish-red 
(distinction froro bituminous coal); treated with a boiling solution of 
caustic potassa, does not color tbe liquid, or imparts at Ibe most a pale- 
jellow color (distinction from brown-coal). 
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FIFTH CHAPTER. 



SYSTEMATIC METHOD FOR THE DISCRIMINATION OP 
INORGANIC COMPOUNDS. 

The careful observer, having become well acquainted with the reac- 
tions which are exhibited by the metallic oxides and other simple com- 
pounds, when subjected to the various treatments detailed in the second 
chapter, will find no diflicnlty in ascertaining the nature of anj mineral 
substance presented to bim for analysis. 

If the reactions are not quite distinct, owing to an intermixture with 
other substances, he may call to his aid the processes laid down in the 
third chapter, which will enable him, in most cases, to detect also the 
nature of the impurities. But in order to attain satisfactory results iu 
this way, a certain familiarity with all the principal tests is a necessary 
condition; this once acquired, any further directions arequite superfluous. 

Those, however, who have not devoted much time to blowpipe opera- 
tions, will sometimes experience some difficulties in drawing the correct 
conclusions from the observed phenomena, a difficulty which is to a great 
extent obviated by pursuing the course given below. This methodical 
course has the advantage of giving the operator the answer to every phe- 
nomenon which he observes, and thus leading him, though sometimes by 
a very tortuous path, to the right solution. An example will show this 
more clearly, and teach at the same time the use of the table. 

Suppose a substance be given for an.ilysis. The operator commences 
with No. I. The substance is heated in R Fl on Cb ; a garlic odor is 
disengaged ; proceed to No. 2. Treated with Sd on Ch does not give a 
mass which exhibits the reaction of sulphur ; proceed to No. 3. The 
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Eubatante shows no mciallic aspect ; proceed to No, 131, thenee to No. 
133. It 13 not wholly yolatilized, not does it eshibit the reaction of sul- 
phur; proceed to No. 137. Here we find that the substance must either 
be an arseuite or an arsenate (which of the two, cannot be decided by 
the Blp alone), and to find the metal, we proceed to No. 102. It affords, 
after calcination, with Sd on Ch a fusible metallic button -, proceed to 
No. 103. The button is oxidable (because on being healed in OFI, 
becomes covered with a black coating of oxide); proceed to No. 105. 
The button is red and malleable; the metal is copper. The substance, 
therefore, was arsenite, or arsenate, of copper. 

The chief constituents of the body having thus been ascertained, the 
analyst shouH never omit to test the correctness of the result by the pro- 
cesses laid down in the third chapter. In the esample given above, he 
should verify the result by the test given in J 57 for arscnous acid, and 
by those given in || 71 and 74 for copper. If we wish to examine the 
assay also for the presence or absence of some accessory constituents, we 
must always have recourse to the methods detailed in Chapter III. For 
example, having found the body under trial to consist essentially of sul- 
phur and lead, aiid it appears desirable to know, whether or not it con- 
tains any sliver, we must subject it to the treatment described | 103. 

( On Ch (RF)) with or without Sd disengages a garlic odor, . 2 



rWithSd (RFI) on Ch yields ascoriaceous mass which exhlb- 

2< its the sulphur-reaction (J 107), . . SulpMrseiiide. 131 

I Not, 3 

J Metallic aspect, Arsenide. 131 

(^ Not, .' Arsenile and Arsenate. 131 

("On Ch (OFI) disengages sulphurous acid, and exhibits the 

sulphur-reaction (g 107), . . SuZ/i/mc Ctimpoand. 125 

Not, 6 

Ch disengages the odor of rotten horse-radish, . 

St:kmum Compound. 136 



(,Nol 
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Tlie substance, after having lieen well di-ieii, fuses on red-hot 



{Treated as iiidicateii ^ G5 imparts to tlio llama an asiire-lilue 
or green color, 8 
Not, Nitrate. 102 



•{ 



( The color is Bzurc-blue, 9 

\ The color ia green, . 10 

(Treated as iadicated g 03 disengages deep jellow vapors, 
Bromale. 102 
Not, Chlorate. 102 

Treated as indicated | 63 disengages deep yellow vapors, 

Bromaie. 102 

Violet yapora, lodaie. 102 

Treated as indicated I 65 imparts to the llame an azure-blue 

or green color, 12 

Not, 17 

('Heated in a matrass with bisulphatc of potassa and a little ., 
I peroxide of manganese disengages violet vapors, 

2-| Iodide and lodaie. 102 

I Deep jellow vapors, . . . Bromide and Bromate. 102 

LNot, 13 

Treated as indicated ^ 77 exhibits the iiuori no -react ion, 

Fluoride. 102 

Not,. M 

( Treated as indicated ^ !15 imparts to the flame an a^ure-blue 

14 < color, 15 

V A green color, 16 

("Heated with Sd on Ch gives a mass which, when mixed with 
bisnlphate of potassa and black oxide of manganese 
15-^ and heated in a closed lube, evolves a deep jellow gas, 

Bromide. 102 

Chloride and Chlorate. 102 



u 
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fHenleii with SJ on Cli gives a mas? vthk-h, when nil^ed wilTi 
bisulphate of potassii ond perosiile of manganese and 
heated in a closed tube, evolves violet vajioi's, . Iodide. 102 
Deep yellow vapors, Bromide. 102 

^ I" Effervesces with hydrochloHc atW, . . Carbonate. 102 

^'t^ol, 18 

( When finely powdered and heated with hydrochloric acid, 

18'\ effervesces, ttwftsjittfc. 102 

(noI, 19 

iWhen tinely powdered and heated ivilh concentrated hydro- 
chloric acid, gelatini7,es, ....... 30 
Not, ." 20 

{Fused with Sd on Ch yields neither a metallio globule i:or 
aCt, 21 
Yields a metallic globule or a Ct, 22 

f Treated as Indicated ? GI colors tlie flame yellowish- green, 

Borate. 102 



3 is heated in a platinum spoon with a 
I drop of concentrated sulphuric acid, then alcohol poured 

22 < on it, and lighted. The flame appears yellowish-green, 

I Borate. 102 

t,Not, 23 

' f Treated as indicated J H cxlilblts the lloorine-reactioii, 

23-1 Fluoride. 102 

I Not 24 

f Heated with Sd on Ch yields a button of fused metal, . . 25 

"{x„i 21 

( Heated on Ch alone behaves as indicated § 9(i ; yields with 

2u < Sd on Ch a soft globule, . . , Pliof:phite of Lead. 

Uot, 26 

ic scoriaceous mass treated with boracic acid, as Indicated 

J 95, exhibits the reaction of phosphoric acid, FhusphaU. 102 
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{ Treated as imlicjitea J 95 exiiiblts the veactioii of pliosphorle 
27 -< ftcid, Phosphate. 



( With M on Ch yielJs a metallic Liitlon or a copious Ct, , 31 
t Not, 29 

{PuK-enzed and fused with G or fi times its weight of Sd in a 
pljitinum apooiij yields a mass which, when heated witli 
hjdrouhlone acid, gives a gelatinous precipitate, . . 30 
Not, 31 

( The gelatinous precipitate placed, while still moist, on a hiade 
;0-i of iron or zinc, becomes blue, . . . Tttnyalale. 133 

I Not, . 140 

/ Metallic aspect, :i2 

'^\Not, 57 

{Yields on Ch a malleable and fusible metallic button, which is 
not oxidalile, 33 
Not, 36 

J Yellow button, 34 

'^ \ White butlon, 35 

With Bx on platinum wire gives a bluish glass, . 

Giiid trith Copper. 

Not, Gold. 

Witli Bx Oil plaliuum wire gives a blnish glass, . 

Silver loith Copper. 

Not, Silver. 

With Bx on platinum wire gives a glass which is i)lue in botb. 

flames, Cobalt. 

Not, 37 

f Gives with Bx the reactions of oxide of copper, ... 38 

f Red and malleable metallic butlon, . . . Copper. 

1 Not 33 

f Deposits on Ch a Ct, yellow while hot, white when cold, . . 41 
I Not. A jellowish, brittle alloy, . ■ ■ Copper and Tin. 
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f Malleable, yellow or reddish alloy, . , Copper and Zinc. 
\ White, mslleable alloy, . , , Copper, Zinc, Nickel. 

42 {Very fusible metallic button, 

j" Deposits on Cii a Ct, 

43 < No Ct deposited on Cli ; exhibits the r 



Tdlui-i>. 



f White Ct, very volatile, 45 

I Not, 4S 

{Yields on C!i a brittle globule, which exhibits the aiitimoiij- 
reactions, , Antimony. 

Not, 

{Metallic aspect, or powder assuming metallic liis 
polishing steel, 
Not, 



inder the 



.{ 



Not, 

Infusible and inoxidable, .... Flalimim. 

Oxidable, 

With Bs in OFl an anielhyst'Colored glass, . Manganese. 
Not, 

{After having been oxidined, eKhibits with Quxes the iron- 
After having been oxidized, exhibits with fluxes the nickel- 
reactions, A'ickd. 

( Yields with Sd on Ch in RFl a tin globule, . Oxide of Tin. 

\Not, 

With Bx on platinum wire a green glass in both flames, 

Chromic Iron. 

Not, 

Yields with Sd on platinum foil iu OF! a bluish-green mass, . 



g with Bs or SPh on platinum wire an amethyst-colored 

53 -J bead, Oxide of Manganese. 

LNoI. Brown powder, . "Puiigstate of Iron and Manganese. 
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{With S Ph on platinum wire in RFI gives a glass which, on 
cooling, becomes brown lali-ved aiul, when touclied with tin, 
violet-red, Titaniferotis Iron. 
Not; exhibits the iron-reactions, 55 

{Heated in a closed glass tube, yields water; powder yellow, 
Hydrate of Sesquioxide of Iron. 
Yields no water, 5G 

{Magnetic ; powder black, .... Maynetic Iron. 
Not; powder red, Peroxide of Iron. 

f Affords wilh Sd on Ch in RFI a fiisiblo metallic button, . 58 

I Not, 6G 

j The button is malleable and iiioxida-ble, 50 

\ Oxidable button, 60 

/ Yellow button, Oxide of Gold. 

\ White button, Oxide of Sdeei: 

( Button with Ct, 01 

60-; 

1, Malleable button without Ct, 15 

( The Ct is white and very volatile, . . Oxide of Antimony. 

t Not, ... 62 

( The Ct is yellow, and the button soft, G3 

\ The button is brittle, ti5 

fA very small quantity affords with Bx or SPh in OFl a 
63 -( green glass, Cliromate of Lead. 

(.Not, C4 

{The substance is yellow or reddish, . Protoxide of Lead, 
The substance is red, Miitium. 
The substance is brown, . . . Deuioxide of Lead. 
r Affords with Bs or SPh in OFl a green bead, 

Ckromatc of Bismuth. 

\. Not, Oxide of Biamuih. 

Treated on Ch in OFl deposits o Ct, or vaporizes completely, 67 



( Treale 
'"iNot, 
f The Ct 1; 



white, and very volatile, , . Oxide of Antimony. 
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{The Ct is brown, Oride of Cadmium, 
Not, 69 

TTbe Eubstance ia red or jellow and affords, when heated in a 
I closed glass tube, metallic mercurj, ..... 
I .-...., . Oxide of Mercury. 
I The substance is white, becomes yellowon heating, and on cool- 
ly iiig white again, Oxide of Zinc. 

Affords with Bx a bead which is bhie in both flames, 

Oxide of Cobalt. 

Not, 71 

f The Bx bead is green in both flames, 12 

\ Not, n 

{Soluble in water, 7S 
Insoluble in water, 74 

{The substance is orange red, . . Bichromate of Fotassa. 
The substance is yellow, , Chromate of Potassa or Soda. 
The substance is of semi-metallic aspect or grajish-black, 

Chromic Iron. 

The substance is a green powder, 

Sesqttioxide of Chromiwin. 

The button is white, Oxide of Tin. 

The button is red, 76 

The substance is red or brown, . . Suboxide of Copper. 
The substance is black, . . . Protoxide of Copper. 

The bead is green in OFl, and becomes reddish-brown in 

RFI, 7S 

Not, 78 

lethjst-colored in OFl, 70 



f The bead is a 



Gives off water when heated in a glass tube, .... 

Hydrated Oxide of Manganese. 

Not, Oxide of Manganese. 

Heated alone on Ch in OFl becomes magnetic, . . . 
Not, 
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ExhibitH with SPh on platinum wire tlie nraiiiiira reactions, 
Oxide of Uranium. 

Not, 82 

f Soluble in water, exhibiting alkaline reaction, . , .83 

\ Not, 91 

( Very soluble, 84 

1^ But little soluble, 88 

( Heated on platinum wire, fuses readily and vaporizes, . . 85 

"^tNot, 87 

Heated on platinum foil, stains it dark jellow, . Liiliia. 



J Heat 
^Not, 



Heated on platinum wire, colors the flame pale violet, . 

Hydrate of Potasaa. 

Reddish-yellow; the outer flame becomes enlarged, 

Hydrate of Soda. 

Moistened with a drop of hydrochloric acid, and heated on p!a- 
tinup wire, colors the flame pale-green, . . Bar}jta. 

Purple, Slrontia. 

Moistened with a drop of hydrochloric acid, and heated on pla- 
tinum wire, colors the flame purple, . . . Slrontia. 

Not, 

f Heated with SoCo assumes a flesh-color, . . Magnesia. 

'{« 

{Heated alone, becomes very luminons, . . . Lime. 
Not; colors the flame pale-green, .... Baryta. 
( Heated with SoCo, assumes a fine blue color, . Alumina. 
^ \ Not, 

{Heated with SoCo, assumes a flesh-color, . Magnesia. 
Nol, 

{Healed with SoCo, assumes a green color, . Oj:id€ of Zinc. 
Not, 

AfTords with SPh in OFl a colorless glass, which in RFl 
becomes bine, 
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f Heated in a closed glass tnbe, evolves ninmonia and becomes 

%< blue or green, .... Tungstaie uf Ammonia. 

i-Not, 

{On Cb alone, infusible, . . . Tkngstic Acid. 

Fusible, . . . . Tungsfate of Folassa or Soda. 
( Exhibits with SPh llie reactions of . . MolyMie Acid. 

"\Not, 

I Exhibits with SPh the reactions of pure . Titanic Acid. 

iNot, 

('Affords with SPh in RFl a red dish, jellow glass; the inten- 
99 "\ sitj of the color increases on cooling, .... 



{The glass, when heated on Ch with tin, becomes violet, . 
Titanic Acid, containing Iron. 



101 



r With Sd on Ch in RFl, affords a metallic powder 

1 Not: affords with SPh in OFl a glass which, while tot, 
'^ is red, and colorless when cold, . Oxide of Cerium. 



able bj the magnet, , , . Oxide of Nickel. 



Nitrates, Chlorates, Bromates, Iodates, Carbonates, 
PnosPFATES, Borates, CiiLORiDES, Bromides, Iodides, 
Oxides, Hydrates, 

f Affords with Sd on Ch in BFl a fusible metallic huUon, . 103 
102 ■{ ' 

\ Not, 109 

< The button is malleable and inoxidahle, .... 104 

^"^ \ The button is oxidabic, 105 

f The button is jellow, .... Salt of Gold. 

\ The button is while, .... Salt of Silver. 

{The button is red and malleable, . Salt of Coppei: 
Not, lOG 

r The button is white and malleable and forms no Ct, 
106 ■! Salt of Tin. 
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{Forms a wliile and very volatile Ct, Sail of Aniimonij. 
The Ct is orang 



f The 



Is orange-yellow, ....... 

I" The bultoLi is malleable, .... Salt of Lead. 

y The button is brittle, . . . Salt of Bismuth. 

( Treated with Sd on Ch iii RFI, deposits a Ct, . 
109-^ ^, 

(. Not, 

( The Ct ia white and very volatile, . Stilt of Aniimony. 

\ Not, 

( The Ct 13 reddish-brown, . . . Salt of Cadmium. 

Ill < The Ct is jellow while hot, and white when cold, . 

( Salt of Zinc. 

r On Ch alone, affords a gray and infusible powder which, 

I under the polishing steel las iniei metall c lustre, 

S-iU of rialiimm. 



I Not, 



( Heated with Sd 1 1 a clu ed gUss tub aS rds a sublimnle 
113< f ofmcrcury Sail of Mercury. 

I Not, 

r Heated ivilh Sd in a closed glass tube disengages ammo- 
nia, Salt of Ammonia. 

N^ot, 

fevcs with Y,x or SPh beads which are blue in both flames, 

Salt of Cobalt. 

Not, 

\ The beads are green in l.oth Itanies, Sail of Chromium. 



■{ 



The bead exhibits the reactions produced by oxide of cop- 
Salt of Copper. 



Affords with Sd on Ch a metallic powder, which 
lustre by friction, and is attracted bj the magnf 



[ Gives with Bx In RFI a botlle-green glass, Sail of Iron. 
[ Gives with Bx in RFI a grajish glass, Salt ofNicM. 
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Gives with Ex i» OF! iin amctlij-st-colored bead, 

Salt of Manganese. 

Nol, 

Infusible mass, whicli assumes, with SoCo, previous to 
fusion, a fine blue color, . . Salt of Alumina. 

A flesh-color, Salt of Magnesia. 

Not, 

Tlie watery solution gives a precipitate on addition of soma 



Heated on platinum wire, colors the flame pale-grccn, 

; Salt of Baryta. 

Colors tlie flame purple, . . . Salt of Stroiitia. 
Not ; but becomes verj luminous, . . Salt ofLivie. 
Heated on platinum wire, colors the flame violet, 

Sail of Poiassa. 
Colors the flame red d i sh-j olio w, . , Salt of Soda. 

Sulphur Compounds. 

Metallic aspect; sulphides, 126 

Not, 127 

The substance is calcined, and the metal detected bj pro- 

idicated above, beginning with No. . . 102 
Sulphates, hypos nlphates, snlpliites, hyposulphites, sul- 
prepared artificially by precipitation, and a few 

sulphides, 128 

Heated witli hydrochloric acid disengages : 

Sulphuretted hydrogen, Sulphide. 130 

Sulphurous acid, 129 

Nothing, .... Siilpfiate or Hyposnl/phate. 130 
Hydrochloric acid produces si white precipitate of sulphur, 

Hi/jiosulpkite, 130 

Not, SulpM/e. 130 



f Sulph 

■.U phi 
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130 ^ The- inetiil is Jetccted beginning with Ko. 

Arsenic Compounds. 

i Metallic aspect, ..... 
13U „ ' ' 

\ Not, 

f R«,idily and completely voLitilized on Cli, 



.{ 



Gives a white and verj volatile Ct, Arsenide of Antimony. 

Not, Arsenic. 

The substance, wliich is irn arsenide or sulpharsenide, is 
thoroughly calcined, and then the metal detected as in- 
dicated above, beginning with No 102 

Wholly volatilized on Ch, ctnd ea^ibiting the reactions of 
sulphur, 18S 

Not wholly volatilised, or exhibiting no siilphnr-re action, 137 

The substance is yellow, .... Orpiment. 

The substance is red, Bealgar. 

f The substance is very volatile, . . Arseiiotis Acid. 

Not : arsenile or arsenate. The substance is well calcined 
137 S 

with alternating OFl and RFl, and the metal fonnd 

L beginning with No 103 

Sele.mum Compounds. 

{Metallic aspect, ...... Sdenide. 

Not : eelenile or selcnate; the substance is well calcined, 
and the metal delected, beginning with No. . . . 102 



TUNOSTATES. 

WithSd on platinum wire in OFl affords a grccni.sli-bliie 

iniss, Wolfi-am. 
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Healed ivitli ?ti in .1 dosed glass tube, evolves ammo 

. Fiini/staie of Ammonia. 



f Sololile, . 
L Insoluble, 



. Tiinffsiaieo/rolassaaeSdda. 
Tiingstaie of Lime, Ban/la, &c. 



Silicates, 

f The aiialog'y in chemical composition mid propertiea, and 
] tliB number of native silicates, malie it impossible to dis- 
142 { criminate tbem bj a few simple tests.* The base or 
I bases may, however, in many eases bo detected by 
l^ proceeding as indicated above, bagipnii:g with No. 



niinatlonof the; 



■e silioatee, v, Ohfipt^r VI, 
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SIXTH CHAPTER. 



ON THE DISCRIMINATION 0¥ MINESALS BY MEANS OF 
THE BLOWPIPE, AIDED BY HUMID ANALYSIS. 

B th f h li g 1 the preceding chapters, ive can readily detect 

tl 1 1 t f t norganie compounds, ivLetlier prepared arti- 

S llj ture i espeeiallj if heavy metals fovm the prhi- 

j 1 it ta B t these methods do not enable us to discriminate 
Ii d ft t t 1 cateB, and otlier mineral bodies, which consist 

t U f 1 h t noes that do not show any very characteristic 
It th H p pe as ex, gr. the alkaline earths. In some 
y d isce -ta ng the principal ingredients of the 

substance under exan at o hut tail in establishing the mineral spe- 
cies. To attain th s end n ore securely, we must pursue a course, com- 
posed of nn exam at on of tl e pi yslcal properties of the body and of 
blowpipe operations, aided by humid analysis. The eonrse adopted in 
this "Manual" is that given by Franz Von Kobdl, as laid down in his 
" Tafeln zur Besimviung der Mineyidien." The folloiving is only an 
extract, slightly modified, from this treatise: 

The minerals, according to Von Kohell'a system, are aiTanged in two 
large groups, the first embracing those possessing metallic lustre, the 
second those devoid of metallic lualre. To avoid mistakes, originating 
in the fact that some minerals occur sometimes with, and sometimes 
without, metallic lustre, these minerals will be found onumorated iu both 
groups. 
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TliQ same pvecaiilioii Las Ijceii takaa m regard to tliose apetics iii which 
the degree of fuaibilitj, ivhether beloiv or above 5, might appear doubt., 
fui. The degree of fusibility is to he judged of frara the following ecale; 

1. Gray Antimony. — Fusible in coarse splinters in theiflame of a 
candle. 

2. Natrolite. — Fusible in fine splinters in the flame of a caudle. 

3. Alniandine or Iron -Garnet.' — Easily fusible before the blowpipe. 

■i. Actiuolite (a variety of hornblende). — Fusible before liie Blp in 
coarse splinters. 

6. Oi'thoclase. — Fusible before the Blp in fine splinters, 

6. Broncite. — Fusible on the edges in very fine splinters. 

The fusibility, when equal to that of actinolito, is designated by 4; 
when between that of natrolite and ahnandine, by 2, 5, and so on. 

The two large groups are divided into classes according to the fusi- 
bility i these again in divisions, &c,, by which means we obtain the fol- 
lowing general classification ; 

Group 1. Minerals possEssiNa a Metallic Lustre. 

Class I. Native malleable metals, and mercury. 
Class IJ. Fusibility 1 — 5, or readily volatile. 
Division 1. Give a. strong arsenical odor on Cb. 
Division 2. Give on Ch, or in an open tube, the horse-radish odor of 

selenium. 
Division 3. Give in an open tube a white or grayish sublimate, which 

is fusible into colorless drops, indicative of tellurium. 
Division 4. Give antimonial fiimes on Ch. 
Division 5. Give with Sd on CU a snlphur-vcaeLion, but do not give 

indicaljona as above. 
Division 6. Do not exhibit the properties of the preceding divisions. 
Class III. Infusible, or fusibility above 3, and not volatile. 

DivisiSn 1. Give witli Bx, in small quantities, the manganese-reaction. 
Division 2. Treated on Ch in RFl, become magnetic. 
Divi.?;on 3. Resembling those of division 2. 
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Group II. 3Itnep.ai.s not possessino Metallic Lustue. 

Class I, Easily Tolaiilc, or combustible. 

Class II. Fusibility 1 — 5, not, or only partially volatile. 

Part I. Give with Sd on Ch a metallic globule or maguetlc metallic 

Division 1. Give willi Sd a gloTiule of silver. 

Division 2. Give witli Sd a globule of lead. 

Division 3. When, moieteued with hydrochloric acid, color the flame 
blue, and give with nitric acid a solution which, on 
addition of an excess of ammonia, assumes an azure-blue 

Section 1. Give on Oli a strong arsenical odor. 

Section 2. Give no arsenical odor. 
Division 4. Impart to the Bx bead a blue color. 
Diriaion 5. When fused on Cli in RFl, give a bliicli or gray melHllic 

Section I. Give on fusion a strong arsenical odor. 

Section 2. Soluble in hydrochloric acid without leavingapcrceptiblc 

residue, and witiiout gelatinizing. 
Section 3. With hydrochloric acid, form a jelly, or are decomposed 

with separation of silica. 
Section 4. But little affected by acids. 
Division C. Not belonging to either of the preceding divisions. 

Part II. With Sd on Ch, give no metallic globule, or magnetic me- 

Divisioii 1. A tl;er fusion and continued heating on Oh or in the forceps, 
have an alkaline reaction, and change to blue the color 
of a moistened red litmus-paper. 
Section 1. Easily and completely soluble in water. 
Section 2. Insoluble in water, or soluble with difHenlty. 
Division 2. Soluble in hydrochloric acid without leaving a perceptible 
residue, some also soluble in water; not gelatinizing. 
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Division 3. Soluble in Lydrochlorio acid, forming a perfect jelly. 
Section 1. Givir.g water in a maftass, 
Section 2. Giving Iracea, or no water in a tnatraKS. 
Division 4. Soluble in hydrochloric acid with separation of silica, 
without forming a perfect jelly. 
Section 1. Giving water in a matrasa. 
Section 2. Giving traces, or no water in a matriiss. 
Division 6. Little nffected by hj'drochloric acid ; imparting to the Bx 

bead the color of manganese. 
Division G. Not belonging to either of the preceding divisions. 
Class III. Infusible, or fu'sibility above 5. 
Division 1. After ignition moistened with So Co and again ignited, as- 
sume a bright-blue color. 
Section 1. Giving much water in a mafrass. 
Section 2. Giving little or no water in a matrass. 
Division 2. Moistened with So Co and ignited, assume a green color. 
Division 3. After ignition have an alkaline reaction, and turn into 

blue the color of a moistened red litmus-paper. 
Division 4. Completely soluble, or nearly so, in hydrochloric or nitric 
acid, without gelatinizing or leaving a perceptible residue 
of silica. 
I A\ th hj 1 o hlo ic acid, form a jelly or are decomposed 

'^e 1 G n ate n a matrass. 
Sect on *" G vin t es or no water in a matrass. 
D s G Not I lon^ n 1 either of the preceding divisions. 
St 1 H dn 1 1 w T. 
S to 2 Ila dne s= or above. 



Group I. Minerals Possessi>o a Metaliic Lustre, 

Class I. Natcye mai.leaulb metai.s, an-d MEuruEY. 
Native silver, see nOV. 
1(1 
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Native Gold and Electruro (alb; of silver and gold), 

see g 150. 
Native Copper, see §134. 
Native Lead, characterized bj coating on charcoal {see 

1 23) and softness; H=1.5. 
Native Platinum, see g 152. 
Native Palladrura, distinguished from the preceding hy 

being soluble in nitric acid. 
Native Icon, see ? 154. 
Native Mercury, sea S 187. 

Ct.ASS II- FCSIBILITT 1 TO 3, OB HEADtLT VOLATILE. 

Division 1. Give a strong arsenical odor on charcoal. 
Native Arsenic, see ^ 118. 
Dufrenoysite, seeJlTO; Tciiuantite,sce ? 139; Polyba- 

site, see J 207 ; Domeykite, see g 140. 
Smaltine, see | 128 ; Cobaltine, see | 129. 
Copper Nickel, see H71; Gersdorffite, see fl92; 

Cbloanthite=NiAs, resembles the preceding (wo ; 

distingiiiEhed from copper nickel by its tin-wbite color, 

and from gorsdorffite by not giving the reactions for 

Arsenical Pyrites, see g ICi. 
Division 2, Give on charcoal, or in, an open tube, the 7iorse-radis7i odor 
of selenittm. 

Selenide of niercury=HgSe', Onofrite^=Hg(S.Se) 
ond selenide of mercury and lead (Selenqueeksilber- 
blei)=3PbSe+HgSe, yield metallic mercury on 
being healed with Sd iu a closed glass tube (Jill) ,- 
the latter yields a globule of metallic lead oo being 
heated on charcoal with Sd. 

Clausthalite='Pb Se. Color lead-gray; volatile without 
previous fusion, depositing first a slight gray, then a 
white, aud finally a greenish-yellow coating ; with Sd 
yields with difficulty globules of lead. 
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Naun]annite=Ag Se. Color iron-blacli ; raells readily 
and jields with Bk a, globule of pare silver. 

BerKe]iamtc=Cii'SeandEiicairiteCii'Se+Ag Se. Color 
of tho foumcr eilver-white, of the latter lead-gray. 
Distinguished from the other minerals of this diviaioa 
bj giving copper-reactions. 
n 3. Give in an (rpen iuhe a while or grayish sublimate, ichieh 
is fusible into colorless drops, indicative of tellurium, 
sec ? 11. 

The assay-piece used for this experiment ought not to 
be very small. It must also be borne in mind that 
the minerals of this division frec[uently evolve an odor 
of eelenxum, owing to a small percentage of selenium 
which they contain as adventitious consdtiieiit. 

The minerals of this division may be subdivided accord- 
ing to their color. 

a. Ores of tellurium of tin-white or silver-white color. 
Native Tellurium, fuses readily and is volatile without 

leaving a residue. 
Hcesite= Ag Te, and Altaite=Pb Te ; both soluble in 

nitric acid ; the former yields with Sd on Ch a globule 

of metallic silver- 
Some varieties of sylvanite, Bee J 161. 

b. Ores of tellurium of lead-gray or steel-gray color. 
Tetradjmite, see 1123. 

Sylvanite, see J 151. 

Nagjagite=Pb,Avi,Te,S. Color blackish lead -gray. Dis- 
tinguished from the preceding by its solution in nitric 
acid giving a copious precipitate with sulphuric acid. 
re 4. Give copious anitmoaiol fumes on ckiireoal (see § 16)- 

The fumes possess sometimes the odor of sulphurous 

Native Antimony, distiuguished by its tin-white cdor; 
Stibnvte, see J 115 ; Zinkenite, see J 170 ; Jainesonite, 
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The powdered stibiiite, on being heated with hydrate 
of potassa, assumes & yellow color, while the latter 
three minerals, which are steel-gray, do not change 
color. Bournoiiite, on being treated with nitrie 
acid, imparts to the solution a shj-blue color, and 
gives copper-reactions on being treated as described 
in i 71. Zinkenite and jamesonite are cotiTerted into 
white powders by treatment with nitric acid without 
imparting a color to the acid; they are disliaguished 
by their hardness, that of zinkenite being=3.5, that 
of jamesonite^2.5. 

Closely resembling the above in their ehemical behavior 
are the following rare minerals; Pluinosite, aee 1 170; 
Boulangerite, see 1 120 ; Geokronite, see 1 170 ; Pla- 
gionite, see | 170 ; Kilbrikenite ; Steinmannite. 

Diacrasite, see 1 198 ; Stephanite, see §206 ; Polytelite=S, 
Sb, Zn, Fe, Ag, Cu ; some varieties of Tetrahedrite, 
see g 138 ; Miargyrite=AgS, SbS'. Discrasite does 
not give a sulphur-reaction, all the others do. Polytelite 
gives a copper-reaction on being treated as described 
in g 73. Miargyrite, streak dark cherry-red ; stepha- 
nite, streak black, Miargyrite and stephanite, hard- 
ness=2.5 ; Polytelite, hardneES=3.5. All the mine- 
rals of this subdivision give a globule of silver on 
being treated as described 1 104 or ^ 105. 

Wolfshergite (antimonial eopper)=Cu'S, SbS= ; does not 
give a globule of silver, but yields a globule of me- 
tallic copper on being treated with Sd on charcoal. 

Ullmannite, =iee §193; Berthierite, see | 116 ; Breit- 
hauptLte=Ni Sb. All yield a magnetic globule with 
continued heat. Breithanptitc is distinguished from 
the other two by not giving a sulphur-reaction. 
Qive with Sd on Ch a sulplmr-reaciion, but do tiot give 
{he general reactions of the preceding divisions. 
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Silver Glance, ace 1 203. 

Galena, aee § 169. 

Cinnabar, see i 90. 

Mangoiitlecde^MnS. Color iron-black, streak green. 
Tha pulverized mineral evolves snlphuretted hydrogen 
with, hydrochloric acid. 

Haiierifc=^MnS*. Color brown iah-bl act, streak brovjn- 
ish-red. Yi^lda sulphur on being heated in a matrass. 

Copper Glance, see ? 137 ; Stromeyerite, see ^ 208 ; Tin 
Pyrites, see g 210 ; Copper Pyrites, see ? 135 ; Purple 
Copper, see g 136 ; Cahan=Cu»S, Fe'S' ; Wittichite= 
3Cu'S, BiS»; Aikinite (acicnlar bismuth)=3Cu% 
BiS'+2(3PbS,BiS>;) Grunauite=EiS»+10Ni''S» ; Cu- 
proplumbite=iCu'S, 2PbS. All these minerals are 
partially soluble in nitric acid, the solution poaseaaing 
a sky-blue or green color; on addition of water to the 
concentrated solution a white precipitate is produee<i, 
if llie mineral under examination was wittichite, gru- 
nauite, or aikinit«. [To distinguish tliese three, add 
to the acid solution sulphuric acid: a precipitate indi- 
cates aikinite; wittichite ^ves the copper-reaction on 
being treated as described in J ?3, gmnauite not.] 
Copper pyrites and cuban are distinguished from the 
others by their brass-jellow color ; purple copper is 
also characterized by its color. To distinguish the 
remaining four minerals, make a solution in nitric 
acid } add sulphuric acid : a precipitate indicates 
cuproplumbite ; if no precipifato is produced, add 
hydrochloric acid : a precipitate indicates stromeyer- 
ite ; to distinguish between copper-glance and tin 
pyrites, see 1 137 and 1 210. 

Millerite, aee |!94; Linnarite, see P30 ; Iron Pyrites, 
see 1 158 ; Marcasite, see g 159 ; Sternbergite=S, Ag, 
10' 
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Fe. The members of this subdivision fuse to globules 
which are atlraeted bytke magnet. They are readily 
distinguished by the chafacteristics given in Chapter 
III. Sternbergite,bj the treatment described in 1 104, 
yields a globule of silver. Marcasile and iron pyrites 
can only be distinguished by their crystalline form. 
Bismuthine, see ^25. 
Division 6. I>o not exhibit the properties of the preceding divisions. 
Amalgam, see § 188. 
Native Bismuth, see J 122. 
Hematite, see J 156. 
Magnetite, see ^ 157. 

Wolfrani=MnO,FeO,WO'. Color dark gi'ayiah or brown- 
ish-black, Fu3ibility=:3. The pulverized mineral on 
being boiled with aqua regia assumes gradually a 
yellowish color. 
Samarskite=NbO', FeO, U^O', YO. Color velvet-black. 
Fu3ibility=4. By fusing the pulverized mineral with 
hydrate of potaasa, boiling the fused mass with hydro- 
chloric acid, filtering, and concentrating the solution 
by boiling with addition of tin foil ; the liquid as- 
sumes a fine blue color which does not pass into red 
on addition of water (as is the case with compounds 
containing titanium), but becomes paler and gradu- 
ally disappears. 
Bhodonite, dark varieties=3MnO.SiO=, .tHO. Yields 
water on being heated in a matraas. Soluble in hy- 
drochloric acid with separation of silica. 
Some varieties of psiiomelone, see | 183. 
Lievrite and Ailauite, some varieties, see p. 121. 
Plattnerile=PbO^. Color iron-blaek ; easily reduced to 

metallic lead. 
Red Copper, some varieties, see ? U2. 
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CI.ASS III. Infdsible, or fusibility aboyk 5. 
Divmon 1. Give v>Uh borax, in small quantities, Ike manganese reac- 
tions. 

The members of this division are distinguished from 
each other principally by their physical properties. 

Braunite, see g 182 ; Hauamannite, see ? 181 ; Psilome- 
lane, see H83; Pyroluaite, see g 180; Franklinite, 
some varieties, see g 18G ; MaiigBnite=Mn'0', HO. 
Coloi- steel-gray to iron-black; streak dark reddish- 
brown; hardness .1 — 4; yields water in a matrass. 
Dii'isioii 2, Healed on charcoal in reduction-flame, become magnetic. 

Hematite, see g 156. 

Franklinite, see g 18fi ; Magnetite, see § 157. 

TitaniferouB iron, see S 162; Some varieties of Rutil and 
Arkansite (see below) ; aome varieties of Limonite 
(^ 153), and Blende (? 212). 
Bivinon 3. Mino'als resembling those of Division 2. 

Chromic Iron, aee I 127, 

Molybdenite=MoS'i Graphite=C. Both very soft, hard- 
ness^ 15. ■ Molybdenite, when heated in the forceps, 
colors the flame greenish ; and gives a sulphur-reac- 
tion when treated as described in g 107. 

Arkansite=TiO'; Perofskite=^CaO.TiO'. Both give 
the reaction for tifanium as described § 111. Distin- 
guished by crystalline form. 

Iridosmine, see g 153. 

Tanfalite and Columbite=MnO, FeO, TaO=, NbO», W0=, 
SnO"; Yttro-tantalite = 3(CaO.YO.FeO), (TaO', 
WO'). The color of these minerals is iron-black; 
yttro-tantalite loses its color before Ihe BIp and be- 
comes yellowish or white, that of the others remains 
unchanged. Aeids affect them but little. Tantaiite 
and columbite give the same reaction as aamarskile 
when treated with hydrate of potassa, Ac. (Seep. 114.) 
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Pitchblende. Color usually Telvet-blaclt, lustve greasy ; 
partially soluble in nitric acid to a yellow liquid ; the 
solution gives a sulphur-yellow precipitate witU am- 



Grodp II. MiKBRALS NOT PossEssiKO Metai-i.iu LrsTRE. 

Class I. Easily volatile or combdstible. 

Native Sulphur. Completely volatile, bums with a blue 

flame and emission of sulphurous acid- 
Realgar, see 3 119; Orpiment, see J 120. 
Arsenolite, see | 121. 

Red Antimony, eee | 117; VaIentiEite=SbO', Color 
while ; does not change color with hydrate of potassa ; 
does not evolve sulphuretted hydrogen with hydro- 
chloric acid, 
Sal-ammomac=NH'CI;Mascagmne=NIP,S0'-f2HO. 
Color white ; both evolve ammonia with hydrate of 
potassa ; the former is volatile without previous fusion, 
the latter inturaesces. 
Cinnabar, see g 190 ; Calomel, see g 139. 
Class II. Fusibility 1 — 5 ; sot, or only partially, volatile. 

Part I. Give with carbonate of soda on charcoal a metallic globule 
or a magnetic metallic mass. 
Division 1. Give mtk carbonate of soda a globule of silver. 

Prouatite, see J 205 ; Ruby Silver, see J 204 ; Xantho- 

cone=3AgS, AsS=+2{3Ags, AsS^), behaves like prou- 

sdte, from which is distinguished by its yellow streak. 

Horn Silver, see i 199 ; lodjrite, see J 202. 

Selbite^AgO, CO*, dissolves in nitric acid with eifer- 

Division 2. Give v>i(k carbonate of soda a gloMile of lead. 



;db, Google 



117 

The minerals of this division are all soluble in nitric 
acid ; the solution gives a copious precipitate with sul- 
pha ric acid. 

Mimetine =■ PbCl + 3(3PbO, AaO') ; Hcdjphane = 
PbCl+3{3[PbO.CaO], [AsO^PO']). The former 
completely, the latter partially reduced to metallic lead 
with evolution of arseoieal fumes. 

Pjromorphilfl, see g 175. 

Miaium, see J 168; Crocoisite, see g 177; Melano- 
ehroite = 3PbO, 2CrO'. AriBOsene = VO', AsO» 
PbO, ZnO. Crocoisite and melanoehroite give the 
chromium-reaction (§67). The latter three,on being 
boiled with hydrochloric acid, give an emerald -green 
solution ; on adding alcohol to the liquid, concentrat- 
ing by heat, pouring off from the residue, and then 
adding water : the liquid asanmea a sty-hlue color if 
the mineral was araioxene. 

Linarite=PbO.S0*+CuO.HO is characterized by its 
deep azure-blae color. 

Cerusile, see 5 172 ; Cerasine, see 5 171 ; Leadhillite, 
see 3 173; Lanarkite=PbO.C02+PbO.SO». All 
soluble in nitric acid with effervescence ; leadhillite 
and lanarkite leave an insoluble residue of sulphiLte of 
lead. The solution of cerasine gives with nitrate of 
silver a precipitate of chloride of silver. 

Mendipite=PbCl + 2PbO ; MatIoekite=PbCl + PbO. 
Dissolve in nitric acid without effervescence ; the solu- 
tion gives a precipitate with nitrate of silver. 

Aiiglegite, see J 174. 

Wulfeniie, see P29. 

Scheeletine=PbO, WO'. Ooloryellow, yellowish-brown, 
lustre resinous. Soluble in abundant quantity of hy- 
drochloric acid, leaving ^ yelloH sh green residue 
(WO'). With sulphuric icid the puKenzed m neral 
assumes a bright lemon-yellow color. 
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Vauqueliiiite, see ? 178 ; Vanadinite=2 PbO, VO' with 
PbCl + 2PbO. Color of Ihe former blackish-greca, 
olive-green ; of the latter brown, yellowisli. Both im- 
part to the borax-bead an eoaerald-green color. Both 
are soluble in nitric acid; the solution of Tonadinite 
is yellow and gives a precipitate with nitrate of silver. 
That of vauquelinite not. 
Division 3. When moistened with hydrochloric acid, color ike flame 
Hue; and giee mih niirie add a solulion which, on 
addition of an excess of ammonia, assumes an aeure- 
blue color. 
Section ]. Give on charcoal a strong arsenical odor. 

Olivenite, see § 147. 

Tjrolite, see | 148; Chalcophjllite = 8CuO. As054- 
23HO. Color green. Both decrepitate violently and 
yield much water; chalcophyllite dissolves in ammo- 
nia without leaving a residue. 

Liroconite=AsO», P0=, CuO, AlO', HO. Color sky-blue. 
Does not decrepitate ; loses 22 per cent, of water on 
ignition. 

Euchroite='4CaO.AsO»+7HO; Eriti;te=5CuO.AsO'' 
-|-2H0. Color of both emerald-green. The former 
loses by ignition ISJ per cent of water, the latter 
only 5 per cent. 
Section 2. Do not give an arsenical odor on charcoal. 

Atakamite, see 1 141. 

Cjanosite, see 5 143 ; Broehantitc=3 CuO. S0»+3 HO ; 
Covelline=CuS. These three mitieritls give a aul- 
phar-reaction (3 107) ; cjanoaite is soluble in water, 
the other two not. Color of covellino dark iudjgo- 
blue, of bcocbantitc emerald-green. 

Red Copper, see | 142; Melaconite=CuO ; Tenorite— 
CuO. The color of the latter two is dark steel-gray 
to black. All three dissolve readily in acids without 
effervescence (except impure varieties of melaconite). 
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Malachite, eee §U3; AzurUe, see JU4; Mjsorm= 
CuO. CO". Color blackish-brown ; does not jield 
water in a malrasa. All three dissolTe readily in 
acids with offer resce nee. 

Phoaphoealcitc, see g 146 ; Libetheaite=4CuO. P0>+ 
HO; Ehlite=5 CuO.PO>+3HO ; Tagilite=4 CuO. 
P0'+3HO, Are all readllj soluble in nitric acid 
without effervescence ; the (elightly acid) solatiou 
gives a precipitate with acetate of lead. Phosphocal- 
eite loses 14 per cent, of water on ignition, the others 
leas (from 7 — lOS). Libetbenito is dark olive-green ; 
ehlii* and tagilite emerald-green. 

Chalcolite=3CuO,PO'+2(U!'0», PO')+24 HO. Color 
emerald-green. Dissolves in nitric acid to a jellow- 
ish-green liquid ; on addition of ammonia in excess, 
a bluish-green precipitate ia formed, the supernatant 
liquid being blue. 
Divinon 4. Impart to the borax bead a blue color. 

Erjtbrine, see g 131 ; Annabergite, see ? 196. 
Division 5. W/ien fused on charcoal in reduction-jlame, give a black 
melallic magnetic mass. 

To observe well the magnetic character of the fused 
mineral, it ia advisable to expoae a pretty large assay- 
piece to the action of the reducl ion-flame. 
Section 1. Evolve a strong arsenical odor on being fused. 

Scorodite, see 1 166 ; Pitticite=Fe'0', AsO'+HO ; Eeu- 
dantite=3 FeO. AsO'-f 3 Fe'O', 2 AaO'+18 HO. The 
pulverized minerals assume with hydrate of potaasa a 
reddish-brown color. Scorodite and beudantite occur 
crystallized; pitticite maasive, reniform. 

Ar3enrosiderIte=5CaO,AsO'+3(2FeO,AB06}+llHO. 
Color yellowish-brown ; fibrous ; lustre silky. 

Pyromeline^KiO, SO', HO, AsO'. Partly soluble in 
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nater; the solution a 

1 2. Soluble in hydrochloric acid without leaving a percep- 
tible residue, and witboat gelatinizing. 
Green Vitriol, see ? 164; Botryogen=3FeO,2SO'+ 
3(Fe'0^2SO') + 36HO. Are eoluble in water; 
botrjogen leaves an ochreous residue. A similar 
behavior show Copiapite=2Fe'0',5SO'+18HO (color 
yellow), and Coquimbite=Fe=0», 3SO=+9HO, color 

Spathic Iron, see ^ 163. 

Hureaulite = 3(5 MnO, 2P0') + 5FeO, 2P0^-i- 30HO ; 
Triplite = 4MnO.PO° + 4PeO.PO^ Fuse readily ; 
moistened with sulpbaric acid give the phosphoric 
acid reaction (§35); with boras strong manganese- 
reaction ; hureaulite yields much water, triplite none 
or very little. 

Triphiline = 3LiO,PO''+6(3[FeO,MnO],PO') shows 
a Gimilar behavior; the manganese-reaction is less 
decided. On diasolving the mineral in hydrochloric 
acid, evaporating the solution to dryness, adding alco- 
hol, licating the alcohol to ebullition and burning the 
vapor, the flame assumes a purple color. 

Vivianite, see J 165; Anglarite=4FeO.PO'+4HO; 
Dufrcnite=2 Fe«0'. P0=+2 j HO ; Cacoxene=2 FeO. 
P0=+12H0. Fuse readily and behave with sulphuric 
acid like the preceding; give no manganese-reaction. 
Yield much water in a matrass: cacosene S3 per 
cent.; tivianite 28 per cent.; anglaiite IG per cent; 
dufrenite SJ per cent. Color of anglarite bluish-gray ; 
of dufrenite leek-green ; of cacoxene ochre-yellow. 

Hematite, see J 156. 
1 3. With hydrochloric acid form a jelly, or are readily de- 
composed with separation of silica. 
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Crons!edtitc = 3(FcO.MHO.MgO),SiO' + Fe20',3HO. 
Color black ; streak dark leeb-gceen ; yields water ; 
gelatinizes with hydrochloric acid. 

Lievritfi=3(3[FeO,CaO],SiO') + 2(ATO',FeW),SiO'; 
Allanite=3(CeO,CaO),SiO'>+2{[Pe'0*,A!*0*],SiO'). 
Yield no water, or only a trace ; gelatinize with hydro- 
chloric acid ; allanite fuses with intumescence to a 
voluminous brownish or blackish glass; lievrite intu- 
mesces but slightly, decrepitates and fuses U) an iron- 
hkek bead. Hardness orallanitp=C, of lievrite ^5 — 6, 

Pjrosmttlite = Fe'Cl»+Fe''0»6HO + 4([3FeO,2SiO'] 
+ [3 MnO, 2 SiO^J). Does not gelatinize ; fusibi]itj= 
2; gives the chlorine-reaction (^ 65). 

All h te [I m g tJ=3CaO S +Fe*0 S 0\ 

Git mp f tly f ad Ij d t gu hed 

fmthp d byb llaa 

H nt =( I F ) S + HO Xyl 1 1 [ava- 

f p ] r wth dffi Ity d ot 

It Th 1 bi 1 ih ho 

1 t brow iib dy ]i tl j U wa a 

Some impure varieties of Limonite, see J 155. 
Section 4. But little affected by acids. 

Crocidolite = 3(NaO,MgO), 4Si03 + 3 {3FeO,2SiO=) + 
xHO; Arfvedsonite=NaO,SiO'+3FeO,2SiO'. Fnsi- 
bility^l.7 — 2. Color of crocidolite lavender-blue or 
leek-green, fibrous, yields water in a matrass; arf- 
vedsonite is black and yields no water. 

[See also Hornblende and Tourmaline, below, some 
varieties of whith become slightly magnetic after 
fusion.] 

Green Earth [a variety of pyroxene]. Fusibilitj=3i 
color celandine green ; hardness:^! ; earthy. 

Acmite=NaO.SiO'+Pe''0', 2810*! Hedenbergite [a 
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lilack pyroiene]=3Ca0.2SiO=+3Fo0.2SiO'. Fusl. 
bilitj of the former=2, o! the latter=2.6 ; form a black 
lustrous slag. Both are elcavable. 

Almandine [i roii- garnet] =3 FeO.SIO'+ATO^SiO'. Fu- 
aibilitj^=3; hardQess=7 — 7.5. Color red, reddish- 
brown. Not ekavable. 

Rhodonite, some varieties; see below. 

Lepidolite, some varieties ; see below. 
I>ivision 6. Not helonging to eWter of tie preceding divisions. 

Molybdinc^MoO*. Color sulphur-yellow ; earthy. Gives 
with the fluxes the reactions of moljbdic acid. Dis- 
solves readily in hydrochloric acid ; the solution is 
colorless, but turns blue on being stirred with an iron 
spatula. 

Eiiljtine=2 BiO', 3 SiO* with some phosphate and flaor. 
ide of iron. Gelatinizes with hydrochloric acid. On 
charcoal yields a globule of metallic bismuth. 

Bismutite, see J 124. 
Part II. With carbonate of soda on charcoal, give no metallic glo- 
bule or magnetic metallic mass. 
JJivision 1. After Jiisioii and continued lieaiing on charcoal or in the 
forceps, have an alkaline Traction, and change to blue 
the color of a moistened red litmus-paper. 
Section 1. Readily and completely soluble in water, 

Nitre=KO.NO» ; Nitratine=NaO-N05. Deflagrate 
vividly on burning coals. Fused on platina wire, the 
former colors the flames blulsb with a red tiut ; the 
latter bright-yellow. 

Natron=NaO.CO'+ll)HO;Trona=2Na0.3CO'+4HO. 
The watery solution has an alkaline reaction, and 
effervesces on addition of hydrochloric acid. 

Glauber Sa!t=NaO. SC-f lOHO ; ThenardiIe=NaO. 
S0=; Glaserite=KO.SO» ; Ei)somite=MgO.SO>+ 
7H0 i Potash Alnm=KO.SO*+Al«0* 3SO'+24HO. 
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Th w ry li minerals glye a co- 

p w U of barium ; ibe solu- 

*is m d me arc precipitated by 

b P [d g led by reaction with 

J 4] h neentrated solution of 

g g p w h bichloride of platina; 

g a J m li w e , tlienardite none. 

C mm Salt=NaCI. The watery eolution gives a 
p p pitate with, nitrate of silver. Gives also 
the reactions for chlorine described ^| 65, G6. 

Boras=NaO.2BO'+I0HO. Gives the reaction for 
boracic acid, § 60. 
Section 2. Insoluble in water, or soluble with difficulty. 

Gay-Lussxte=CaO.CO=+NaO.CO'+6HOiWhitherite= 
BaO.CO'. Dissolve in dilute hydrochloric acid with 
eife es ence; the former yields water, the latter not. 

A h d te=CaO.SO'i Gjpsum=CaO,SO'+2HO ; Po- 
lyhal te=kO.SO»+ MgO.SO' + 2(CaO.SO') + 2110 ; 
Clauber te=NaO.SO'+CaO,SO». Soluble in much 
hjd oehlonc acid; in the solution chloride of barium 
gives a precipitate. Gypsum yields much water, polj'- 
halite little, tho rest none; anhydrite ia distinguished 
bj superior hardneS3=^3.5 ; polyhalite is distinguished 
from glauberite hy its solution giving a yellow pre- 
cipitate with bichloride of piatica. 

Barjtea=BaO.S(>'; Celestinc=SrO.SO». Insoluble in 
hydrochloric acid ; give a sulphur reaction when 
treated as described g lOT. Celestine colors the flame 
red, IM; barytes yellowish-green, g35. 

Fluor=CaF; Cryolite=3NaF+APF» ; Pharmacolite 
=2CaO.AsO'+6HO, Do not effervesce with acids, 
and give no sulphur reaction. Pharmacolite evolves 
arsenical odor on charcoal ; the other two give fluorine 
reaction, J 76. Fusibility of fiuor=3, of cryolite=l. 
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Chiolite=3N'aP+2AI'F', beiafea like cryolite; occurs 

onlj massive granular; white cryolite is distinctly 

ctjEtalline and cleavable in 3 direellona. 

Division 2. Salable in JtydrocMonc acid without leaving a perceptible 

residue; some also soluble in water ; not gelatinizing. 

Ammonia Alnm = NffO.SO» + ATO'. 3SO'+24HO; 
Go3larite=ZnO.SO'+7HO. Both soluble in water ; 
give sulphur reaction, ? 107. Heated on charcoal and 
treated with solution of cobalt, the former assumes a 
blue, the latter a green, color, gg44, 45. 

aassolin=BO»,3HO ; Boracite=3MgO,4B0'; Hydro- 
horacite=3(CaO.MgO),4BO'+18HO. Give the bo- 
racic acid reaction, | GO. Sassoline is Bolable in al- 
cohol, the others not; boracite yields no water, while 
the others iJo, 

Manganblende and Haiierite give strong manganese 
reaction; see p. 113. 

Wagnerite=MgF+3MgO.P05; Apatite=3(3CaO,PO=) 
+Ca(Cl,F), Moistened with sulphuric acid, impart a 
pale bluish-green color to the flame. Fusibility of 
wagnerite=3— 3. 5 (with intumescence); of apatite^S 
(without intomeacence) ; -wagnerite is Bolable in dilute 
sulphuric acid ; apatite not. 

AmblygonIte=LiO, NaO, A?0» PO^ P. Fusibility=2 ; 
hardnes8:=G. With difficulty soluble in concentrated 
sulphuric or hydrochloric acid. 

Uramte=3CaO.P05+2(3TjW.PO»)+24HO. Fuses 
readily, yields water, and gives with fluxes the reactions 
of sesquioside of uraniam. See Table II. 
Division 3. Soluble in hydrochloric acid, forming a perfect jelly. 
Section 1. Give water in a matrass. 

Datholite=3[CaO.B0a) + 3Ca0.4SiO' + 3H0. Yields 
but little water, and gives the boracic acid reac- 
tion, 'i GO. 
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Katrolite=NaO.SiO=+Al=0'.3iO"+ 2H0. Fusibility 
^2, does not intamesce; hardnes3^=5 — 5.5. 

Scolecite=CaO.SiO'+APO'. SlO»+3HO ; Laumontite 
=3Ca0.2SiO»+3(ATO>.2SiO')+12HO. Scolceite, 
on being heated, curia up like a worm and finally 
melts to a bulky, shining slag, irhich in tlie Inner 
Same becomes a vesicular slightly translucent bead ; 
hardQess=5.5. Laumontite intumesces and fuses to 
a white translucent enamel ; hardness=:3. 

Nearly related to acolecitc and allowing a similar be- 
havior, are Meaolite and Thomsonite. 

Phillip3ite=(CaO,KO). SiO'+Al'0» SiO'+5HO. Fusi- 
bility =3, with alight intumescence; occurs usually in 
twin crystals. 
Section 2, Giving only traces or no water in a matrass. 

Helvin=MnO,MnS+2{MnOBeO.FeO),SiO'i Teph- 
roite=.SMnO SiU' Distinguished from the other 
minerals of this section by giving manganese reac- 
tions. Color of helvin wax yJlow, hardneas^G-^6.5 ; 
of tephroite ash griy, hardDess=5.5 — S. 

Haiijno and Lapn La3uli=SiOi, hPQ', CaO, KO, SO'.S, 
are of aznre-blue color ; give sulphur-reaction, J 107. 
Fusibility of the former=4.5, of the lattec^S. 

Nosean and Skolop3ite=SiO', Al^O', CaO, NaO, S0» of 
gray or brownish color; give anlphur-re action, g 107. 
Fusibility of nosean=4.S ; of skolopsite=3 (with in- 
tumescence like idocrase). 

SodBlite=NaCl + .lNaO. SiO'+ 3 (Al'O', SiO') ; Eudi- 
alyte=SiO», ZrO^, CaO, NaO, FeO, 01, give the chlo- 
rine-reaetion, 1 65. The former fases to a transparent 
colorless glass, the latter to a grayish-green scoria or 
opaque glass. 

Wo!lastonite=3CaO, SiO'. The hydrochloric acid solu- 
11* 
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Enkolite=Si(>', NbO', Zr'O', CaO, NaO. By boiHng 
the hjdrochloric acid solution ivilh tin, it assumes a 
fine blue color on reaching a certain degree of con- 
centration. See also Wohlerite. 

Neplielme=2(NaO. KO), SiO'+2 (Al^O', SiO') ; Mei- 
OQite=3CaO.Si09 + 2(Al'0'>,SiO=); MelliHte=2 (3 
[CaO.MgO.NaO],8iO")+(ATO».Fe^O»),SiO'. The 
hydrochloric acid solution is precipitated by ammo- 
nia. Meionita fuses with intumescence, the others 
quietly. 
Division i. Soluble inhi/drocMoricacidtBilh separation of si licaf with- 
out forming a perfect jelly. (It is sometimes neces- 
sary to treat the finely palverized minera! with con- 
centrated acid.) 
Section 1. Giving water in a matrasa. 

Apophjllite=KO. 2 SiO'+8 (CaO.SiO^) +16H0 ; Pec- 
tolite=3([NaO.KO].8iOs)+4{3Ca0.2Si03)+3HOi 
Okenite=3CBO, 4SiO'+6HO. The silica separates 
in the shape of gelatinous lumps. The hydrochloric 
acid solution gives no, or only a slight, precipitate 
with ammonia, Pectolite yields but little water, the 
others much. Fusibility of apophyllite^l.G, forming a 
white vesicular glass; of okenite^2.G — 3, forming a 
porcelain-like mass. 

Analcime = 3 N"a0.2SiO'. + 3(ATO^2 SiO=) + G HO. 
Gelatinizes like the preceding; in the acid solution 
ammonia produces a copious precipitate. 

Pyro3clerite=(ATO'.Cr=0»),SiO'>-f2(3[MgO.Fe]),SiO= 
+ H HO; Chonikrite=2 AlW, SiOH3(3[MgO.CaO. 
FeO],S10»)+eHO, are distinguished from the other 
minerals of this section by their inferior hardnesa= 
3.5—3, The former gives with fluxes 
oxide of chromium, ^g 67 and 68. 
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Brewsterite=(SrO.BaO),SiO' + Al'0^3SiO* + 5^0; 
characterized bj ita hydrochloric acid solution giving 
a precipitate with sulphuric acid, 

Stilbite=CaO.SiO''+Al''0».3SiO=+5HO; Cbabaaite= 
3(CaO.NaO),2SiO»+3(ATO^ 2SiO») + 18H0 ; Pceh- 
iiite=2C-vO.SiO=+AlW.Si03+HO. Fuse with in- 
tumeacence to enamel-like masses. Prehnite yields 
but little Tiater, losing by ignition only 4.3 per cent. ; 
the others lo'je from 15 to 20 per cent. 

Meerschaum, see below ; Deweylite^2MgO.SiO^+3 
HO. Distinguished by being much less fusible than 
the preceding (fusibility^S) ; the former absorbs 
water with great avidity, the latter not. 
Section 2. Giving only traces or no water in a matrass. 

Tachylyte=3{FeO. CaO. NaO), 2SiO'+APO» SiO'. Fu- 
ses readily to a black shining glass. Hardness^6.5 ; 
color black. 

Scapolite=3(CBO.NaO),SiO=+3(AlW.SiO=). Color 
]igbt. Hardne33^=5 — 5.5. Fuseswithintumesceuce to 
a white, vesicular glass. 

W5hlerite=BiO,'' NbO=, Zr^O', CaO, NaO. FusibLlity= 
3, .forming a yellowish enamel. The hydrochloric 
acid solution gives the same reaction as eukolite. 

Labradorite=(CaO.NaO),SiO=+AlW.SiO^ Anorth- 
ite=30aO, Si0=+3 (Al'O^, SiO=). Fu3ihilitj=3— 4, 
without intumescence, forming a colorless glass ; hard- 
ness of the former=6, of the latter=(;— T. Cleavage 
perfect. 

Lime Garnet (some varieties)=3CaO,SiO'+ATO=SiO'. 
Fusibility=3 ; not cleavable. 

Sphene, some varieties, see below. Gives titanium-reac- 
tions, gill. 
Division 5. LitUe affected h^ hydrochloric acid ; give icUk fluxes the 
manganese-ri 
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Carpholile=SiOS APO>, FeO, MnO, Fe=0', HO. Oc- 
curs onlj in radiated and stellated tufts. Color atraw- 
jellow ; silkj. Yields water. 

Manganese Garnel=3MiiO.SiO'+Al'0'.SiO'. Color 
brownish-red ; fuses without intumeacence ; not eleav- 

Epidote (some vaiietie8)=.TCaO, Si0»+2([A1'0^ 
M-a^O'. Fe*Oa], SiC) Fuaibilitj^ 2—2.5, iniumesccs. 
Cleavable. Color cherry-red to re<idiah-black. 

Rhodonitc=.SMnO,2 SiO=. Fusibility=3, without intu- 
mescence. Color rose-red ; cleavable. 
i. Mil belonging to either of ike preceding dinisions. 

Seheelite=CaO,WO*. FusihiHtj=5. Soluble in hy- 
drochloric acid, leaving a residue of tungstic acid, 
which is soluble iu ammonia, and which gives with 
S Ph the characteristic reaction of tungstic acid ; seo 
Table 11. 

Lepidolite-=KO, LiO, F, Al'O", SiO= ; Buphyllite=SiO', 
ATO', CaO, HO; Margarite=SiO,» Al=0% CaO, HO. 
Fusibility of Iepidolite=:2 ; gives the lithia-reaetion, 
? 80. Fusibility of enphyllite^4.5, of niargarite=4. 
Color of enphjllite white to colorless ; of margarite 
grayish, reddish- white, yellowish. All three possess 
perfect cleavage. 

Petalite = 3(LiO.NaO),2SiO' + 4{ATO',3SiO') ; Spo- 
dumene=3 {LiO.NaO), 2SiO»-f 4 (APO', 2 SiO»), do 
cot possess as perfect a cleavage as the preceding, 
and greater hardness; hardness of petalife^6— (1.5, 
of Bpodumene=6.6 — 7. Both give the lithia-reaetiou, 
J 89. Spodumene fuses with intumescence to a glassy 
globule; petalite fuses to a white enamel. 

Diallftge=3[CaO.MgO),2S:0=. Fiisibility=3.5 ; cha- 
racterized by its pearly metallic-lustre ; cleaves easily 
in one direction. 



;db, Google 



129 

Harmotorae=BaO,SiO'+AP0=, 2SiO=+5HO. Dislin- 
guished from the other minerals of this division by 
jielding water in a. matrass. Occurs usually in twin 
crystals. 

Axinile=SiO', APO», CaO, FeO, MnO, BO' ; Tourma- 
line=SiO', A1=0» FeO, KO, NaO, LiO, BO". Give 
the reaetionof boraeic aeidjgfil, Axinite fuses read, 
ilj with intumescence to a dark-green glass. Different 
varieties of tourmaline show different fusibility. Hard- 
ness of axinite^6.5 — 7j of tourmaline=7 — W. 

Diopside (white augite)=3CaO,2SiO'+3MgO,2SiO'; 
Augite=3CaO,2SiO=+3(MgO.FeO),2SiO=. Hard- 
ness=:6 ; diopside fuses to a whitish, augite to a black 
glass. Color of augite black or dark-green ; of diop- 
side pale green or gray, or colorlesa. 

Trcmolite = CaO.SiO'-f 3M:g0.2SiO»; Hornblende = 
CaO.SiOH3(MgO.FeO), 2810". Hardness = 5.5 ; 
fusibility=3 — i, tremolite fuses to a white or light- 
colored glass, hornblende to a black or gray glass ; 
the former is colorless or white, or of light green, 
yellow, or gray color ; hornblende is green or 

Sphene = 2(CaO, SiO') + CaO, 3Ti0=. Fn3ibility= 8. 
Hardnesses — 5.5. Gives the titanium-reaction, JUL 
Imperfectly soluble in hydrochloric acid. 

Orthoclase^KCSiC + ATOVSiO'; Albite = N"aO, 
SiO'>.4.ATO>, 3SiO>. Hardnesa=6. Fuse without 
intnmescence ; fusibility of orthoelase=5, of albite^ 
4 ; the latter colors the flame yellow. Not soluble in 
acids. With solution of cobalt become blue on the 
edges, ? 44. 

Zoisite=3CaO,SiOa-f2(ATO', SiC) ; Epi(3ole = CaO, 
SiO''+2([APO».Fe=0'],SiO=). Hardness=6.5. Fu- 
sibility=i3 — 3.5 ; fuse with intumeacence, zoisite to a 
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white or yellowish slag, epidote to a. black or dark 
browLi slag. Color of zoisite gray, yellowish-gray, 
gra,yish-white ; of epidole green. 
Lime Garnet = 3CaO,SiO' + ATO» SiO'; Idocrase= 
3CaO, S10=+ (Fe^O^ Al'O^), SiO» ; Pjrope = { MgO. 
FeO. CaO), SiOs + (ATO».Cr"0'), Si(y. niirdnea3= 
6.5 — 7.5. Fusibility of lime garnet and idoctaae=3, 
of pjrope=4.5. Idocrase possesses cleavage, the 
others cot. Pjrope gives with the fluxes the ehro- 



(See also, emerald, euclase, iolite, biofite, and iimseo- 

Obsidiati, Pitchstone, Pearlatone, and Puinice=SiO=, 
AI'O', NaO, KO, HO, are amorphous. Fusibility 
3.5 — i, fuse with intumescence to porcelain-like 
masses, or white vesicular glasses. Lustre of obsidian 
glassy, of pitchstone greasy, of pearlstone pearly; 
pumice is characterized by its porosity. 
Class III. Inpusiblg, or fdsibilite above 5. 

Division 1. After ignition moistened vHth solution of cobalt and again 
ignited, assume a bright-blue color. 

With the hard, anhydrous minerals of this division, the 
color is best seen by reducing the substance to a fine 
powder and moistening this with the solution of cobalt. 
The color appears only after cooling. 
Section 1. Giving mnch water in a matrass. 

A]unite=SO^ AFO^, KO, HO ; Websterite=Al'iO=,S10» 
+9H0. Give a sulphur-reaction, % 107. Webster- 
ite is readily soluble in hydrochloric acid; alunite not 
visibly affected. 

{See also, ammonia alum, and potash alum.) 

Plumbo-Resinitc, see g 176. 

Calamine, see ?214. 

Wavellite = 4A1'0', .^P0= + 18110 ; Gibbsitc = AFO', 
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PO^+SHO ; Pegamte=2Am», PUH 6H0 t. cher 
itc=2A!=0', P0'+2H0. Solahle to a great e-\:tent 
in hydrate of potassa. Gite the reactioi s of phos 
phoric ttciiJ, S? 94 and 95. The former two occur 
usually in globular concretions of r'ldittid structure, 
the latter two minutely crystalline Pegan te loses 
on ignition 24 pec cent, of water, wivellite 21, fischer 
ite 29, gibbsite, 35. 

Diaspore = Al^O^ HO ; Cliiitcnite = SiO> A!=0", CaO, 
MgO, no. Diaspore is but slightly soluble in hydrate 
of potassa ; clintonite insoluble ; the former loaee on 
ignition llj pet cent of water, the latter 4J. Hard- 
ness of diaspore^6.5 — 7 ; of clinlonite^4 — -5. 

Allophaue = 3 Al'O', 2 SiO'+15 HO ; Halloysite =3 
AFO=, iSiC+UHO ; Ochran=Al*0= SiO> + 6H0 ; 
Collyrite^SAl'O^, Si0'+13H0. Decomposed by hy- 
drochloric acid with separation of gelatinous silica. 
Hardness of aliophane^S, of the othecs^l— 2. Hal- 
loysite loses on ignition 16 per cent of water, ochran 
21, collyrite .tSJ. 

Pholerite=Al=0», SiO>4-2HO ; Cimolite=AFO», SSiO" 
-J-3H0; Kaolin = 3ATO^4Si03-|-6H0 and 2ATO», 
3SiO'+6HO, are all very soft and earthy, and but 
little affected by acids ; lose on ignition from 12 to 16 
per cent, of water, Nearly related to these minerals 
are the various varieties of common clay, some varie- 
ties of lithomarge (with 14 per cent of water), and 
bole with 24 — 2G per cent, of water; the clays become 
plastic with water, the latter two not. 
n II. Giving little or no water in a matrass. 

Lazulite=P05, Al'Q!', MgO, FeO, HO. Gives the reac- 
tion of phosphoric acid, g 74. Heated, loses its blue 
color and becomes white. Not affected by acids. 

Willemite=3ZnO, SiO'. With solution of cobalt (2^4) 
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becomes lilue, and green in spots. Gcliitiiiizcs with 
hydrochloric acid. 

Myelin = 2(Aro=, &0^) + HO ; Agalmatolite = SiO', 
Ai^O' KO, HO ; Pj-rophyllite = .IMgO, 2S;0^ + 9 
(ATO', 8iO=}+9HO. Are verj soft, hardness 1—2. 
Pjrophjllite is foiiated like talci before the Blp swells 
up and spreads out into fan-like shapes, increasing to 
about 20 times its former bulk. The others do not 
change before the Blp. Myelin is partially decom- 
posed by hydrochloric acid ; agalmatolite not affected. 

Muscovite=KO,8iO=+4(ATO»,SiO').Cleavageeminent 
in one direction ; folia elastic. Doea not swell percepti- 
bly before the Blp, fusible in very thin lamirie. Not 
affected by acids. Hardness^ 2.5. 

Diaterrite (variety of ciintonite), cleavabic in one direc- 
tion. Hardness 4 — 5. Decomposed by concentrated 
sulphuric acid. 

AodaluBite=4Al'0', 3SiO'; Kyanite=3Aro» 2SiO»are 
bat little affected by acids. Kyanite occurs generally 
in bladed crystallizations; hardness^G — 7. Hardness 
of andalusitei^7.5, but variety ehiastolite varies in 
hardness from 3 to 7.5. 

TopaB=2A12F' + 5 (ATO'SiO'); LitUia Tourmaline = 
SiO»,BO»ATO^MnO,LiO,KO. Not affected byacids. 
Not completely soluble in SPb, the glass becomes 
opalescent on cooling. Topaz on being ignited remains 
transparent and does not swell; tourmaline becomes 
■white and swells. Topaz is cleavable in one direction, 
hardnesses; tourmaline ia not cleavable,hardnes9=6. 5. 

Corundum (3apphire)=Al'0' ; CbrysoberjI^BeO, Al^O', 
Not affected by acids. When pulverized, slowly but 
completely solnble in SPb ; the glass does not opal- 
csce on cooling. Hardness of chrysoberyl^=8.5, of 
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coniiidum=9 J color of tlic former usually greon, ot 
the latter blue, red, jellow, brown. 

(Some varieties of Spinel aad Leueite assame a. blue color 
with solution of cobalt.) 
Division 2. Mointen^d vdlh suhilion of cobalt and ignited, assume a 
green color. 

It ia sufficient to heat to redness. The minerals of this 
division give a coating of oxide of zinc on charcoal, 
g25. 

Smithsonila, sea3 2i3. 

ZincBloom=(ZnO,CO»+HO)+2(ZnO,HO). Disaoivea 
readily in hjdrochlorie acid with effervescence; the 
solution gives with aramonia a white precipitate, so- 
luble in an excess of the reagent. Yields water in a 

Willemite=3ZnO,SiO»i Calamine, see | 214. Gela- 
tinize with hydrochloric acid. Calamine yields water, 
willemite not. With solution of cobalt assume a green 
color only in spots. 

(See also Blende and Goslarite.) 
Division 3. Afier ignition have an alkaline Tiaciion, and change into 
blue the color of a moistened red litmua-paper. 

Brucite=MgO, HO ; Hjdron.Bgnes;te=MgO, 4H0+.'{ 
(MgO,C0*). Yield much water in a matrass, unlike 
the other minerals of this division. Brucite dissolves 
in hydrochloric acid without effervescence, hydromag- 
nesite with effervescence ; the concentrated solutions 
are not precipitated by sulphuric acid. Lancasterite 
is a mhitare of brucite and hydro maguesite. Nem- 
alite is a fibrous variety of brucite, of silky lustre. 

CalcIte=CaO. C0= ; Arragonite=CaO. C0» Dissolve 
readily and «ith effervescence in dilute cold hydro- 
chloric acid; the concentrated (but not the dilute) 
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solution gives a precipitate with sulpharic acid. Ar- 
ragoiiite falls to powder before tbe Blp, caleite not. 
Doloinite=MgO. CO'+CaO. CO'; Ma-neaite-^MgO-CO^ 
Do not, or but slightly, efTervesee with cold dilute hy- 
drochloric acid, but dissolve readily on application of 
heat. The concentrated solution of the former gives 
a precipitate with sulphuric acid, that of the latter not. 
A similar behavior shows the Breunnerite=(MgO. FeO. 
MnO),CO', which on ignition beeomea black and 
slightly magnetic ; and some varieties of Chalybite, 
see i 163, and Diallogite, see J 185. 
Strontianite = &'0.00'; Barytocalcite=BaO.CO* + 
OaO. CO'. Dissolve with effervescence in dilute hy- 
drochloric acid ; the solution, even if largely diluted 
with water, gives a precipitate with sulphuric acid. 
Strontianitc colors the flame red, ^ Si ; barytocalcite 
yellowish -green, J 35. 
(See also Yttrocerita). 
I, Completely soluble, or nearly so, in JiydrochloHc or niiric 
acid vnihout gelatinizing or leaving a perceptible resi- 
due of silica. 
Chalybite, see 3 163;Breunnerite,seeprecedingdivi3ion; 
Diallogite, see | 185; Braei-ald Nickel, see | 195. 
Dissolve in heated hydrochloric acid with efferves- 

Limonite, see ? 155; Gothitc=FeW,HO. Become 
black and magnetic in reduction flame. Dissolve in 
hydrochloric acid without effervescence. Goth ite oc- 
curs crystallized and cleaves distinctly in one direc- 
tion ; loses 10 per cent, on ignidonj limonite loses 
Hi per cent. 

(See also Hematite which in some varieties is without 
metallic lustre; readily distinguished by red streak.) 

Blende, see ? 212 ; Marmatite=FeS+.'iZnS ; Green- 
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oekite^CdS. Dissolve in hydrochloric acid with evo- 
Intion of aalphuretted hydrogen. Give the aulphur- 
reaetiOD, J 107. Greenockite gives on ehareoal a 
coating of oxide of cadmium, J 24, the others of oxide 
of zinc, I 25. Marmatite gives after calcination with 
the flusea the reactions of iroa. 

Wad, see ? 181 ; Zinoite, see J 211. 

Earthj Cobalt, see i 133, Some varLeties'are fusible. 

Pitchblenile=UO,U'0»; Zippeite=U«0'+KHO. Give 
with the fluxes the reactions of sesquioilde of uranium 
[Table II]. Give with nitric acid a jellowaolution In 
which ammonia produces aaiJphar-yellow precipitate. 
Pitchblende is black, zippeite yellow. 

Chrome Oehre^Ci^O". Gives with fluxes the reactions 
of sesquioxide of chromium [Table II] . Forma with 
hydrate of potassa a green solution. 

Turquois=PO,' A1»0», HO, CuO. Color sky-blue and 
green. Gives the copper-reaction, J 74. Yields much 

Apatite=3(SCaO,PO')+Ca(Cl,F). Gives the phos- 
phoric acid reaction, | 94. Pii3ihility=5, Soluble in 
nitric acid. Gives the fluorine-reaction,) J 76 (always 7) 

Monazite=P<}', CeO, LaO, ThO. Infusible. Gives the 
phosphoric aicid reaction, § 94, Soluble in hydro- 
chloric acid. Minute tabular crystals of reddish-brown 

Childrenite = POSAPO",FoO, MnO, 110. Gives the 
phosphoric acid reaction, | 94. With the fluxes gives 
(he reaction of iron and manganese. In hydrochloric 
acici soluble with difficulty. Yields much water. 

Polycrase=TiO', NbO», Z^O', Fe"0', Ce'O', U'O", 4c. 
Decrepitates, but infusible. Color black. On fusing 
the pulverized mineral with hydrate of potassa, boil- 
ing the fused mass with hydrochloric acid, filtering. 
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and boiling the filtrate witli tin-foil, the liquid ai 
a lilue color on reaching- a certain degree of concen- 
tration ; the color disappears on addition of water. 
Flnoeerite=CeF. Gives the reactions of fluorine, 1 75, 
and of sesquioxide of cerium, Table II. Yttrocerite^= 
F, CaO, YO, Ce'O', behaves similarlj'. 
Division 5. With hydrochloric acid form a jelly, or are decomposed 
milh separatum of silica without gelatinizing. 
Section 1. Giving nat«r in a matrass. 

Dioptase=3CuO, 2SiO=+3HO ; Chrjsocolla, see J 149. 
Behave alike before the Blp ; the former gelatinizes 
with acids, the latter not. 
Thorile = 3ThO, SiO*+3HO ; Cerile=3CeO, 810' + 
3H0. Gelatinize with hydrochloric acid. Color of 
thorite orange-yellow or black, havdness^^i.S— S ; of 
eerite, brown to red passing into gray, hardness=5.5. 
Chloropal=Fe''0», 2SiO'+3HO. Color yellowish-green, 
amorphous, of an opal-lilte appearance. Becomes 
magnetic by ignition ; gelatinizes. Small pieces when 
thrown into a concentrated Bolaticm of hydrate of 
potassa lose the green color and become darb-bcown. 
Hardnes3=2 — 3. 
Hisingerite=Pe'0»,SiO=+3HO; Svlotile = T'e'0', 
3SiO'+3MgO, 2SiOH5HO. Become magnetic by 
ignition. Readily decomposed by hydrochloric acid. 
Hisingerite is black, imperfectly crystallized and cleav- 
able in one direction} xylotiie is light or dark brown, 
of fibrous, woody structure. 
Meerachaum=MgO, SiO'+2HO Gelatinizes with hy- 
drochloric acid ; very light; absorbs water with great 
avidity, gives the magnesia-reaction with solution of 
cobalt, 5 44. 
Schmer-Spar = 3([MgO.FeO],SiO') + 2(MgO,2HO); 
ChrysotiIe=3M:gO,2SiO*+MgO,3HO. Possess a 
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metallic pearlj lustre ; the former is massWe, cleav- 
abie ; the latter fibrous. By ignition schiller-Gpar be- 
comes brown, cbrjsotile white. Both are decomposed 
by hydrochloric acid, or more readily by sulphuric 
acid, without gelatinizing. 
Serpentine = 2 (3MgO, 2SiO') + 3 (MgO, 2nO). De- 
composed by concentrated hydrochloric acid without 
gelatinizing. Usually massite and compact; hard- 
ness^S^ — 4; losa by ignition 12 — 13 per cent. Of 
similar composition, and showing a similar behavior, 
are the following minerals, which, however, possess 
eryslallioe structure and cleavage: Picropbyil, hard- 
neBs^2.5, loss by ignition 10 J pec cent, ; Picroamine, 
hardnesa=2.7, losa by ignition 9 per cent. ; Marmo- 
lite, hardQeBS=2.3 — 3, loss by ignition 15,7 pet cent. ; 
Kajmmererite, harduess^l.S — 2, losa by ignition 13 

(See also Chlorite and Rip idolite which are with difficulty 
decomposed by concentrated hydrochloric acid.) 

Antigorite=3 (MgO. FeO), 2810*+ MgO, HO ; Monra- 
dite=4(3[MgO.PeO],2SiO')+3HO ; Neolite=3M:gO, 
2SiO'+HO. Decomposable by concentrated hydro- 
chloric acid without gelatiniaing. Loss by ignition 

hardness=2,5 ; moEradite, harflness'=G ; neolite in 
silky fibres or massive, hardness^^I. 

(See also some varieties of Clintonite, hardneS3=4— 5.) 
I, Giving only traces or no water in a matrass. 

Gadolinite = Si.Os, YO, FeO, CeO, Be^C; &ehknitc = 
2 (3CaO, SI0')-|-2 (Al^O'. Fe'0=), SiO». Gelatinize 
with hydrochloric acid. Gadolinite swells before the 
Bip into cauUflower-liko masses, and sometimes eihi- 
bits a viyid glow ; thin splinters fusible on the edges ; 
color black fo blackish-green; hardue3s^=6.5 — 7. 
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Gehleaite is also fusible in very thia spllntera ; color 
gray to grayish-wblte ; hardness =5 .5 — 6. 

Chry30lite=3Mg0, SiO'; Chondrodite=2 (3MgO, SiO») 
+Mgr, Gelaliniae with hydrochloric acid. Color of 
the former green, of the latter mostly white, yellow, or 
brown. Chondrodite gives the fluorine-reaction, | 76. 

Boltooite (a variety of pyroxene) = SiO', MgO, FeO, 
A1"0=. Cleavage distinct in one direction. Color 
yellow. {See also Cliiilonitc.) 

Leucite=3KO,2SiO'+a(Al>0',2Si05). Decomposed 
by hydrochloric acid, the silica separating as a fine 
powder j some varieties become bine with solution of 
cobalt ; occurs usually in trapezohedrona. Color gray- 

Uivision G. Xot belonging to either of the preceding divisions. 

The remaining minerals which cannot be classed under 
any of the preceding divisions, may be divided ac- 
cording to their hardness in two sections. 
Section 1. Hardness below 7. 

Biotlte (hexagonal mica) = (Al'O'. Fe'O"), SiO« + 3 
(MgO.KO),SiO'; Siuscovite (oblique mica)=KO, 
SiO» + 4 (Al'O', SiO'} ; Talc = 6MgO, 5SiO'+ 2H0. 
Give little or no water in a matrass ; talc loses at 
moat 5 per cent. Cleavage eminent In one direction. 
Hardness of blotite=2.S— 3, of muacovite=2— 2.3, 
of talc^l — 1,6, Biotile is decomposed bj concen- 
trated sulphuric acid, the others not; The lamina) of 
biotite and muscovite are elastic, of talc not. Soap- 
atone or steatite is a massive, naually compact variety 
of talc ; very greaaj to the feel, or like soap (sec also 
Pyrophyllite). 
Chlorile=2(MsO,Al'0')+3(2[MgO.Fe],SiO»)+finOi 
Eipidolite = (MgO.FeO),8iO'+(ATO'.Fe'0»),SiO' 
+4[MgO,nO). Loses by ignition 12 per cent, of 
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water. Cleavage eminent in one direction, laminiB 
not elastic (chlorite often massive granular). Hard- 
ness of clilorite=2— 2.5 ; of r:pidolite=I— 2. De- 
composed bj concentrated hydrochloric flcid wilt 
continued Ijoiling-, more readily by sulphuric acid. 
Eipidolite fuses with difficulty (=5.5) to a grayish- 
jellow enamel, chlorite becomoa black and slightly 
magnetic. A similar behavior shows fhe Chloritold ; 
hatdneaei=5.3 — 6. 

BronEite (hypersthene]=.'5M"gO, 2SiO' + 3 (CaO. FeO), 
2SiO» ; Anthophyllite = FeO, SiO' + 3MgO, 2SiO«. 
Cleavage of bronzite very perfect in one direction ; 
anthopbyliite cleaves in two directions. The former 
is of clove-brown or pinchbeck-brown color, with a 
pearly-metallic lustre ; the lustre of anthophyllite is 
much less perfect. Hardness^=5 — 5.5. 

Wolframite=:WO', is soluble ia hydrate of potassa; the 
solution gives with nitric acid a yellow precipitate 
which OQ boiling- tecomes lemon-yellow. Occurs in 

Seheelite^CaO,WO'. Fii3ibility=5 ; hardDes3=45— 5. 
The pulverized mineral, on being boiled with nitric 
acid, leaves a lemon-yellow residue of tuagstic acid. 
Gives the reactions of inngstic acid [Table II]. 

Cassiterite, see £209. 

Anatase, Rutile, and Brool;ite=TiO'. Give the reactions 
of titanic acid [Table 11]. On fusing the pulverized 
minerals with hydrate of potassa, dissolving the fused 
mass in hydrochloric acid and boiling the solution with 
metallic tin, it assumes a violet color, which turns to 
red on addition of water. Color of anatase, various 
shades of brown passing into indigo-blue ; of rutile 
mostly brownish-red nr red, sometimes yellowish or 
black ; of brookite, hair brown, yellowish or reddish 
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{varietj arkansite is iron-black). Hardness of anatase 
=5.5—6; of rutile=6— 6.5 ; of brookite=5.5— 6. 
Aeschynlto and Pyrochlore=NbO',TiO^,Zr'0', Ce'O', 
CaO, &o. Treated like the preceding with potassa, 
&c., the solution on reaching a certain degree of con- 
centratio fi 11 1 wh h id 

tion of w le d t h g t i b t k d Uy 

disappears A hj t w II b f th. Blp d 
turns jell w pjro h! des twU dl m 
grayish. 
-Opal=SiO + HO B f tb Blp J Id w t d 
becomes paq f thcabtflt 

clear be d w th ff I f bl 8 I 1 w I 

hydrate f p I: t d 1 pl t Ij t 

great ext t th 1 t g It i p 

tatewith hi d f mm m H 1 ^fa— S 
Xeiiotime=3Y0, PO*. Color, varioas shades of brown 
or flesh-ced. Hardness^i— 5. Gives the phosphoric 
acid reaction, J 94. Infusible. With salt of phos- 
phorous diaaolves with great difficulty to a colorliiss 

glM.. 

[See also Childreuite and Orthoclase.] 
n 2. Hardness^ 7, or aboTC. 

[See CassitcritCjR utile, and Opal of the preceding section 
whose hardness sometimes approaches 7.] 

Quartz=SiO'. The various varieties of quartz, as rock- 
crystal, amethyst, hornstone, flint, chalcedony, &e,, 
are iafueible and unalterable before the Blp, and fuse 
with carbonate of soda to a transparent bead, with 
effervescence. HardneES=7. 

Iolite=2{3[MgO.FeO],2SiO=)+5(ATO»SiO»);Stau- 
rotide=2(ATOs.Fe'0»),SiO». Hardness =7~T.S. Do 
not fuse to a transparent glass with carbonate of soda. 
Fusibility of iolite=3 — 5.5 ; color blue, grayish. 
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Stantotide ia infusible ; color browcist-red, brown ; 
crystals often cruciform. 

Beryl=3BeO, 2S;0'+ATO', 2SiO' ; Euclase=2 (3BeO, 
SiO')+2ATO', SiO»; Phenacite=3BeO,S10'i Zircon 
=Zr'0»,SiO HI =7 B jl a 1 
turn milk-wh wtht gtt db m dd 

on tie edges I yl j t 11 h g 1 p 

and las jtydittbl! p ! 

ally p 1 gr m raid g las y t I 

lenl hmbjm dpo dtt 

1 a{. t d t t It gl to h 

h 1 P 1 t g P t bl 

and white. Ph t d d h 

before the bl p p pt th t h 

colorless ; col d y 11 w II m 

times brown or gray; phenacite la a, little harder 
(=8) tban zircon. 

OuTarovite (limo-chrome-gaTnet) = 3CaO,SiO»+Cr«0» 
SiO". Infusible, HardneBS=7.6 — 8. Gires withflures 
the chromium reactions [Table II]. 

Spinel = MgO,Al'0>i Pleonaate = (MgO.FeO),AltO»i 
Gahnite=(ZnO.MgO),SiO». HardQess=T.5— 8. Oc- 
cur almost exclusirely in octahedral crystals. Spinel 
and plconaste, when pulverized, are soluble in salt 
of phospborua ; color of spinel red, blue, brownish ; 
of plconastc black. Gabnite is almost insoluble in 
salt of phosphorus and borax ( color dark-green or 
black. Kreittonite is a black spinel containing zinc 
and iron, slightly magnetic before ignition. 

Diamond=C. CharactcriEcd by its hardness, which sur- 
passes that of corundum. 
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Table I.— 15EHAVI0E OF THE ALKALINE 
BEFORE THE 





On Ch alone, and in the 
forceps. 


With Carbonate of Soda 
on Ch. 


1. Baryta. 
BaO. 


The Hydrate fuses, boil a, 
intumeaccs and is final!? 
absorbed by the Ch. The 
Carbonate fuses readily to 
a transparent glass, nhich, 
on cooling, becomes enam- 
el-white. In the forceps it 
colors the outer flame yel- 
lowish-green. 


Fuses with Sd to a homo- 
geneous mass, which is ab- 
sorbed by the Ch. 


2. Strontia. 
SrO. 


The Hydrate behaves like 

hydrate of Baryta. The 

Carbonate fuses only at the 

edges, and swells out in 

arborescent ramifications 

which eraittthrilliant light, 

and, -when heated with the 

RFl, impart to it a reddish 

'■ • cooling 

In the 

e outer 


Caustic Strontia is inso- 
luble. The Carbonate, 
mixed with its own volume 
of Sd, fuses into a limpid 
glass, which becomes en- 
amel white on cooling. At 
a greater heat the mass 
enters into ebullition, and 
caustic Strontia is formed, 
which is abaorbed by the 
Ch. 


3. Limb. 
CaO. 


.rbonate 
:id, be- 
nore lu- 
minous, ana snows after 
cooling alkaline reaction. 
In the forceps it colors the 
outer flame pale-red. 


Insoluble. The Sd pas- 
ses into the Ch, and lea-res 
tie Lime unaltered on its 
surface. 


4. Magnesia. 
MgO. 


UndergoesBo alterations. 
The Carbonate lie comes 


It behaTes like Lime. 


5. Alumina. 


Not changed. 


Forms an infusible com- 
pound, with slight intu- 
mescence. The excess of 
Sd is absorbed by the Ch. 
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EARTHS AND THE EARTHS PROPER 
BLOWPIPE. 



mth Bx on Flail 



The Cttrbonate d 
ferveBoenoe to a limpid glas 
when in a cert sun state of sal 
may be made opaque by flamia 
when stillm " 

U aiming. 



WiU SFh on Platinum fVire, 



Readily dissolTed to a limpid 
glass, which becomes epai^ue by 
flaming. The Carbonate dissolves 
with efierrescence. Oa a large ad- 
dition of Lime the glass crystallizes 
on cooling, but does not become 
enamel- white. 



DissolTes slowly to a limpid glass, 
which remains so on cooiing, and 
wbieh cannot be made cloudy by 
flaming. A large quantity of Alum- 
ina makes the glass cloudy ; on cool- 
ing, it then assumes a crystalline 
surface. 



Soluble in large quantities to a 
limpid glass which, when sufficient 
Lime is present, becomes opaque by 
Saming. When saturated, the glass 
becomes enamel-white on cooling. 



Readily soluble to a limpid glass, 
which becomes opaque by flaming. 
When saturated, it becomes on cool- 
ing enamel- white. 



Soluble to a limpid ( 
remains clear under all 
ces. If too much Aim 
dcd. the undissolYct! portion bi 
comes translucent. 



ad- 
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Table I.— CON- 



1 On Ch alone, ond in ihc 
1 forceps. 


With Carbonate of Soda 
on Ch. 


G. Glucina. 


Not cbfiDged, 


Icsoluble. 


7. Yttria. 
YO- 


Not change 3. 


Insolulile. 


8. ZmcoNiA. 


Infusible, but emitting a 
very glaring light. 


Insoluble. 
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With Be on Ptalimim Wire. With SFh on Platinum 

Soluble in large quantities to a j 
limpid glass, vrhich liecomes opaque 

by fiamiiig. When Glucina ia pre- As with Borai. 

sent in exceaa, it becomes enamel- 
■Hhite on cooling. 

Like Glucina. Like Glueing. 
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Table II.— BEHAVIOE OP THE METAL- 



Melaltie Oxides in 
Alphabelical Order. 



1. Antimonous. 
Acid. 



'L Arse NOUS 
Acid. 
AsO'. 



IxiuE OF Cad- 
mium. 
CdO. 



On Charcoal alone 



Wilh Carbonale of Soda. 



OFI: It is dbplaoed 
without cliaoga, and de- 
posited upon another 
part of the Ch. 

RFl; It is reduced and 
Toiatiliied. A Ct of an- 

th Ch, aad 8 
greonish-lilue color im- 
parted to the flame. 



Volatile tielow red heat. 



On Ch very readily r( 
daced in OFI and RPl. 
The metal fume 9 nnd 
coats the Ch with anti- 



Oa Ch reduced, with 
emission of arsenical 
fumes, which are ch: 
terjied by a strong garlic 



OFI; On platinum 
it fuses readily to a dark- 
brown mass, which i 
cooling heeomes pale yel- 

On Ch in OFI and RFl 
reduced to metallic 
mnth, which, with long | 
blowing, vaporizes, coat- 
ing the Ch with yellow 
oside. The Ct, ■ ' 
touched with the BFl, 
disappcara without color- 
ing tJie flame. 



OFI : On platinum foil 
unchanged. 

RFl ■ On Ch it disap- 
pears in a short time and 
deposits all over the Ch 
a dark-yellow or reddish- 
brown powder; the color 
can only be clearly dis- 
cerned after cooling. 



OFli Insoluble. 

RFIt On Ch readily 
reduced ; tlie metal va 
porizes and deposits i 
dark jcllow or reddish- 
brown Ct on the Ch. 



;d by Google 



LIO OXIDES BEFORE THE BLOWPIPE. 



OPIi Dissolves in large quanti- 
dea to a. limpid glass, which, while 
hot, appeacB jellowish, but after 
cooling colorless. 

RFl: The glass, -mben treated 
only for a short time in the OFl, 
beconiOB on Ch grajish and clondy 
from particles of reduced antimony. 
With tin it becomeB gray or black. 



H'Uh SFh on Fiaiinum Wire. 

OH : Dissolrcs with effervescence 
to a limpid glaee, which nhile hot 
is slightly yellonish. 

RFI: On Ch the saturated bead 
becomes at first clondy, but after- 
wards clear again, owing to the vo- 
latilization of the reduced antimony. 
Treated with tin, the glass becomes 
after cooling gray, even if but very 
little antimonous acid is present. 
With stroEg blowing it be comes clear 



OFl: A small quantity is easily 
dissolved to a clear yellow glass 
which, on cooling, becomes color- 
less. On a large addition of oiide 
the glass, while hot, is yellowish- 
red, becomes yellow on cooling, and 
when cold la opalescent. 

IIFI: On Ch the glass becomes 
at first gray and cloudy, the oiide 
is reduced to metal mib efferves- 
cence, and the bead becomes clear 
again. An addition of tin acceler- 
ates the process. 

OFl : Soluble in large quantity to 
a limpid yellowish gkss, becoming 
almost oolorlesB on cooling. When 
highly saturated it may he made 
enamel-white by Saming, and when 
BtiH more oiida is present it be- 
comes by itself enamel-white on 
cooling. 

RFl; Placed on Ch it enters into 
ebullition; the oxide is reduced; 
the reduced metal vaporizes imme- 
diately and deposits a dark yellow Ct. 



OFl : Readily dissolved to a lim- 
pid yellow glass which, on cooling, 
becomes colorless. When a greater 
quantity of oiide ia present the 
glass maybe made onan 1 wh by 
flaming, and on a st 11 la ge add 
tion it becomes by s If enamel 
tvhite on cool ng 

RFh On Ch pa ula ly w^ien 
tin is added, th glass ema ns 1 
orless and limp d wh le ho but be 
comes, on o ol ng da k g ay and 
opaque. 

OFl ; Soluble in large quantity 
to a limpid glass which, while hot, 
is yellowish, but colorless when 
cold; when saturated it becomes 

RFI-. On Ch the oside becomes 
slowly and imperfectly reduced. — 
The reduced metal deposits a very 
feeble Ct of dark-yellow color. The 
color is only clearly seen when the 
mass is cold. An addition of tin 
facilitates the reduction. 



13* 
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Table II.— CON- 



MelaUic Oxid'A in 
Alpkahaical Order. 


On Charcoal alone. j Wilh Carbonate of Soda. 






Insoluble. TheSdpaa- 


5. Sesquioxibe 




ees into the Ch : the ses- 
quiosido is reduced to 
protoxide which remains 


OF Cerium. 


Not cliEEged. 


Co=0*. 




on the Ch as a light-gray 
powder. 






OFl: On platinum wire 






soluble to a dark yellow- 






ist-brown glass, which on 






cooling becomes opaque 


6. SlSQUlOXIDE 

OP Chromium. 


Not eh.ingod. 


and yellow. 

EFS-.Theglass beoomea 
opaque and green on 




cooling. On Chit cannot 






bo reduced to metal; the 






Sd passes into the Ch, and 






the oiide remains behind 






as a green powder. 






OFl. Onplatinam wire 




OFl: Not changed. 


a very email quantity is 
dissolyed to a transparent 




RFI: It is redaCBd to 


7. Oxide or Co- 


metal, but does not fuse : 


mass of a pale reddish 




the laaaa ia attracted bj 


color, which on cooling 


CoO- 


the magnet, and nssnmcs 


becomes gray. 




metaUic lustre bj fric- 


RFl: On Ch reduced 




tion. 


ta a gray magnetic pow- 
der. 




OFl: Fuses to a black 


OFl: On p! a tin am wire 




globule, which beoomea 


soluble to a limplii glass 




reduced when it iaiu con- 


of green color; on cool- 


8. Oxide OF Cor- 


tact with the Ch. 


ing it becomes opaque 


RFl: Reduced to met- 


and white. 




al at a temperature below 


RFl: On Ch easily re- 


CuO. 


the melting point of cop- 


duced to metal, which, 




per. When the heat isia. 






creased a globule of me- 


sufficiently high, fuses to 




tallte copper is obtained. 
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VVilh E 



n Plalinttm Wire. 



OFl- SolaHe to B limpid gluBS of 
dark-yellow or red color, wiiioli 
oliangea on cooling to yellow- When 
highly saturated with oxide the glass 
lioeomea on cooling enamel- white. 

KFl ; The yellow glass becomes 
colorless. A highly saturated bead 
becomes on cooling enamel- white 
and crystalline. 



With SFh OB Platinum Wire. 



OFl: As with Bi, hut on cooling 
iolorless. 

RFl; Perfectly colorless, hot and 
lold. Becomes never opaque on 
cooling, however large the amount 
of osido. 



t slowly, but 
colors intensiyely. If little of the 
oside is present, the glass, while hot, 
is yellow, when cold yellowish- 
green; with more oside it is dark- 
red, while hot, becomes yellow on 
cooling, and when perfectly cold 
has a^ne yellowish-green color. 

KFl: The glass is green, hot and 
cold. The intensity of the color 
depends on the amount of oiide 
present. Tin causes no chang 



OFl: Soluble to a limpid glass 
which, while hot, appears reddish; 
when cold it has a, fine greeu color. 

RFl: As in OFl. 



OFl: Colors -very intensiyely, — 
The glass appears pure smalt-blue, 
hot and eold. An escesa of oside 
imparls to the bead a deep bluish- 
black color. 

BFl: As in OFl. 



OFl; A small addition of oside 
makes the glass appear green while 
hot, but bine when cold. A large 
quantity imparts to it a very deep 
green color, while hot, becoming 
greenish-blue when cold. 

BFl : A glass containing a certain 
quantity of oiide becomes colorless, 
but on cooling becomes opaque and 
red (suboxide). On Ch the coppei 
may be precipitated in the metallic 
state, the bead becoming in conse. 
quence colorless. A glass contain, 
ing protoside, when treated on Ch 
with tin, becomes on cooling brown- 
ish red and opaque. 



OFl; As with Bx, but for the 
same amount of oxide the coloration 
is not so deep. 

RFlt A glass containing a large 
quantity of oside becomes dark 
green, which in the moment of 
refrigeration changes suddenly to 
brownish-red and opaque. A glass 
containing but little oxide, when 
treated on Ch with tin, appears 
colorless while hot, but becomes 
brownish-red and opaque on cool- 
ing. 
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On Charcoal alone. 



9. TeEOXIDE or ■ it becomes reduced 
GOLC. I metiLl in, OFl and Rl 

AiiO' I Tlie metal fuses easily 

! a globule. 



Table II.— CO^f- 

WM Carbonale of Soda. 

Does not disaolye in the 
' Sd, but is easily reduced, 
' in both flames. The iiiet- 

il fuses readily to a glob- 
' nle. The Sd passes ' ' 

the Ch. 



10. Seequioxide 
OF Irom. 



OPl: Not cLangcd. 
KFl : Becomes black 



OFl: Insoluble. 

KFl; On Ch it i! 
duced ; the moss, when 
placed in a movtar, pul- 
verized, and repeatedly 
iiashed with water to 
)Te the adherent Ch 
particles, yields a, gray 
metiillio powder which 
is attracted by the mag- 



OxluE OP 
Lead. 
TbO. 



; a red-lieat becomes 
reduced ; the reduced 
metal is infusible. 



Minium, when heated 
platinum foil, blact- 

s; on increasing the 
temperature it changes 
into yellow oxide, which 
finally fuses to a yellow 
glass. 

On Ch in OFl and BFl 
almost instantaneously 
iced to metal which, 
with continued blowing, 

Ch with' yellow oxide, 
surrounded by a faint 
■white ring of carbonate. 
The Ct, when tooohed 
with ihe HFl disappears, 
'mparting to the flame 
ra azure-blue tinge. 



OF); Does not dissolve 
1 the Sd, but becomes 
reduced; tbe melal can- 
, be fused to aglobule. 
IFl ; As in OFl. 



OFl ; On platinum wii 
readily dissolved to 
limpid glass which, o 
cooling, becomes yellov 
ish and opaque. 

RFl; On Ch reduced 
to metal which, willi 
continued blowing, coi 
crs llie Ch with oxide. 
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Wilk Bx on Platm 



As with Carbonate of Socla. 



OFl: A small amount of oside 
causes the glass to look yellow while 
hot, colorless when cold. When 
more of tlie oside is present the 
glaaa, uhile hot, appears red, and 
yellow" when cold. A still larger 
quantity mak^s the glass dark-red. 
while hot, and dark-yellow when 

KFl: The glass becomes bottle- 
green. Treated on Ch with tin it 
bccomea, at first, bottle-green, but 
afterwards pure Titriol- green. 



Wiih SPk on Plalinum Wire. 



As with Carbonate of Soda. 



OFli WKen at a certain point of 
saturation the glass, while hot, ap- 
pears yellowish-red, and becomea 
on cooling at first yellow, then 
greenish and, finally, colorless. On 
a yecy large addition of oiide it 
appears, while hot, deep-red, he- 
coming, on cooling, brownish-red, 
then of a dirty-green color, and 
finally browniah-red, 

BFli A glass containing but lit- 
tle of tbo oxide snfi'ers no visible 
change. When more of the oside 
is present it is red while hot, and, 
on cooling, becomes at first yellow, 
then greenish, and finally reddisb. 
Treated with tin on Ch the glass, 
on cooling, becomes at first green, 
and finally colarlesa. 



As with Carbonate of Soda. 



As with Carbonate of Soda. 



OFl: Easily soluble to a limpid 






OFl; As w th B But t b 


m 11 If in h J 


tain a glass wh h app a y 11 w 




while hot, a la g add n f be 


fl m ng A 11 1 g additi n f 


xide is requ ed 


da th b d t b m 




nam 1 y 1! w 1 g 


grayish and 1 ij Th ph 


RFi Th gl d ffo If 




th Ch ncl b m 1 dy 


added; but th fel n n 


W h 1 bl w th d 


be made qa e paq e If m h f 


d i t m t 1 h ff 


he oxide is present the Ci becomes 




oated. 
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Table II.— CON- 



Oa Charcoal alone. 



Wilh CaTbonaU of Soda. 



13, Sesquioxide 
OF Manganese. 



OFl: Insoluble, When 
llie temperature is auffi- 
cientlj high, both the 
sesquioxide cmd the per- 
oxMe are ooayertcd into 
a reddish-brown powder 
(MuO + MqW). 

EFl ; The same effect. 



OF I ; On platinum wire 
or foil a very small quan- 
tity dissolvea to a trans- 
parent green mass, 
which, on cooling, be- 
comes opaque and blu- 
ish-green. 

EFl; On Chit cannot 
be reduced to metal ; the 
Sd passes into the Ch 
and leaves the protoxide 
behind. 



14. Protoxide 

OF Mercury, 

HgO. 



Heated in a matrass to 
redness, it is reduced 
and yaporiied. The va- 



35. molybdic 
Acid, 
MoO". 



brown, yaporiies, and 
deposits on the Ch a yel- 
low Ct, which nearest to 
the assay is crystalline. 
On cooling the Ct be- 
comes white, and the 
crystals colorleas. 

RFl: The greater part 
oftbe assay is absorbed 
by the Ch, and may be 
reduced to metal at a 
snfBciently high temper- 
ature ; the metal is in the 
shape of a gray powder. 



OFl; On platinum wire 
dissolves with efferves- 
cence to a limpid glass 
which, on cooling, be- 
comes milk-white. 

RPl: Fuses with effer- 
To scene e. The fused 
mass is absorbed by the 
Ch, and part of the acid 
is reduced to metal 
which may be obtained 
as a steel-gray powder. 



OFli Not changed, 
RFl: On Ch reduced to 
metal; the spongj' mass 
cannot be fused to a 
globule, but assumes 
metallic lustre by fric- 
tion; it is attracted by 
the magnet. 



OFl; Insoluble. 

RFl: Easily reduced 
to metal, in the sbape 
of bright, white scales, 
which are attracted by 
the magnet, 
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Wilh Bx on Platinum Wire. 

OFl; Colors very intensiTely. — 
The glass, while hot, is Tiolet, on 
cooling it usEumss a. redijish tinge- 
When much manganese ia added, 
the glass becomes quite black and 
opaque ; but the color can be seen 
when the glass, while soft, is flat- 
tened with the forceps. 

RFl; The glass becomes colorless. 
If the color was -very dark, the 
phenomenon is best observed on Cli 
with addition of tin. 



With SPh on Flail 



1 Wire 



OFl: h. considerable addition of 
manganese must be made to produce 
a colored glass; it then appears, 
while hot, brownish-Tiolet, and 
reddish-iiolct when cold, but never 
opaque. If the glass contains so 
small a quantity of manganese that 
it appears colorless, an addition of 
itre will produce the characteristic 



color atioi 

RFl; Becomes very e 



OFl: DisEolvedinlargequantities 
to a limpid glass which, white hot, 
appears yellow, but coloriesss on 
cooling. A "very large amount of 
acid cause.' the glass to appear dark 
yellow, while hot, and opaline when 

RFl: A highly saturated bead 
becomes brown, and opaque when 
still more acid is present. 



OFl L Easily soluble to a limpid 
glass ; if but little of the acid is 
present it is yellowish-green while 
hot, but when cold almost colorless. 
On Ch the glass becomes very dark. 









ludful 






BFl : The ^ 
dark, dirty-green color whith, i 
cooling, becomes beautiful bright- 
green. The same on Ch ; tin deepens 
the color a little. 



OFl: A small quantity colors the 
bead -violet, while hot; when cold 
pale reddish-brown. More oiide 
makes the coloration deeper. 

RFl: The glass becomes gray! 
cloudy, or even opaque. With c 
tinned blowing the minute particles 
of reduced metal collect together 
and the glass becomes colorless. 
This takes more readily place on 
Ch, especially when tin is added. 
The nickel then unites with the tin 
to a globule. 



OFl : Soluble to a reddish glass 
which, on cooling, becomes yeilow. 
A larger addition causes the glass 
to appear brownish-red while hot, 
and reddish-yellow when cold. 

RFl : On platinum wire not 
changed. On Chnith tin it becomes, 
at first, gray and opaque ; with 
continued blowing the nickel be- 
comes reduced, and the glass clear 
again and colorless. 
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Table II.— CON- 



5Si-"x °»«™.'«'- 


With Carbonate of Soda. 


17. EiNOXIDE OF 

■ OsMinM. 


OFl; Conrerted into 
osmic acid which, witli- 
out depositing a Ct, vol- 
atilizes with its peculiar 
pungent odor. 

RFl: Easily reduced to 
a dark-bronn and in- 
fusible metallic powder. 


Easily reduced to an 
infusible metallic pow- 


18. Protoxide 

OF Palladium. 

PdO. 


Reduced at a, red -heat; 
butthemetalllcpartioleB 
are infusible. 


InsoluMe. TheSdpas- 
ses into the Ch, and 
leaves the Palladium be- 
hind. 


19. BiNOXIDE OP 

Platinum. 
PtO>. 


Like Palladium. 


Like Palladium. 


20. PnoToxiDE 

or Silver. 

Ago. 


Easily reduced to me- 
tallio silver, whiohunitea 
to one or more globules. 


Instantly reduced. The 
Sd passes into the Ch, 
and the metal unites to 


21. Tellorous 
Acid. 


OFh Fuses, and is rc- 
ducedwithefferyescenoe. 
The reduced metal be- 
comes instanUy vapor- 
ized and covers the Ch 
with tellurous acid; the 
Ct UBually has a red or 
dark-yellow edge. 

EFl: As in OFI; the 
outer Same appears of a 
bluish-green color. 


Soluble, on platinum- 
wire, to a limpid and 
colorless glass, which, on 
cooling, becomes white. 

On Ch reduced and 
volatilised, depositing a 
Ct of telluroua acid. 


22. BraoxiDB or 
Tin. 
SnO'. 


OPl : The protoxide 
burns, like tinder, to bin- 
oiide. The binoxide be- 
comes Tery luminous and 
appears, while hot, yel- 
lowish, but assumes, on 
cooling, a dirty-whito 

RFlt With a powerful 
and continued flame it 
■nay be reduced iometal. 


OFh On platinum wire 
it forms with Sd, with 
effervescence, an infusi- 
ble compound, 

RFl : On Ch reduced 
to metallic tin. 
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Wilh Bx on Platinum Wire, 


With SPh OH PMmum Wire. 








OFl and RFl : Koduoocl, but not 
diasoWed; the metallic particles 
cannot be fused to a globule. 


As with Bs. 


Like Palladium. 


Lite Pallaciium. 


OFl; In part dissolved, and in 
part raduood. On cooling, the glass 
becomes opalescent or milk-white, 
according to the amount of oside 

^"llFh'The glass at first becomes 
gray, but afternariig limpid and 
colorless. 


OFli Imparts to the bead a 
yellowisH color. When much of the 
oxide is present the glass, when 
cold, is opalescent, and appears 
yellowish at daylight, redi^sh at 
candle-light. 

RF1-. AswitliBx. 



1 

0F1-. Soluble to a limpid i 
colorless glass which, on Ch, 
comes gray from reduced metal. 

RF1-. OnCh beeoraesatfirstgray, 
afterwards colorless. The Ch be- 
comes coat«d wilh tcUuroua acid. 



As with Bcrai. 



OFl; A rery small qaaotity dis 
solves slowly to a limpid and color- 
less glass, vhicb remains so 
cooling. 

KFl ; From a highly saturated s 
glass a part of the oxide may be 
reduced on Ch. 
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Table II.— CON- 



On CkOTcoal alone. 



With CarlonaU of Soda. 



23. Titanic 
Acid. 
TiO'. 



OFl: Assumes, on 
heating, a yellow color, 
and becomes wMte again 

I cooling. Snffera no 

her change. 

RFl: Asin OFl. 



OFl : On Ch it dissolves, 
dth effervescence, to 
I dark-yellow glass, 
pvhich, on cooling, crys- 



it be reduced to metal. 



24. TONQSTIO 
AlHD, 

■wo». 



OFl: Not changed; at 
a very high temperature 
converted into oiide. 

BFl: Blackens, being 
converted into oxide, 
but does not fuse. 



OFl: On platinum wire 
dissolves to a limpid 
nd deep -yellow glass, 
wbicb, on cooling, be- 
IS crystalline and 
opaque, and of white or 
yellowish color. 

RFh With very little 
Sd on Ch it is reduced to 
metal; with more Sd it 
forrasaycllowconipouiid 
of metallic luatre, wbicb 
passes into tbe Ch. 



25. Sesquioxide 

or Uranium, 

U=0'. 



OFl: Infusible; but 
assumea a dirty 3'elli 
ish- green color. 

Rfl: Blackens, owing 

to the formatioa of prot- 



OFl : Insoluble. With 
a certain amount of Sd 
the mass becomes yel- 
lowish-brown, and with 
more passes into the Ch. 

RFl: Aa in OFl; no 
reduction to metal takes 



26, Vanadic 
Acid. 
vo». 



Fusible. Where it is 
in contact with the Chil 
becomes reduced and 
passes into the Ch. The 
rest assumes the lustre 
and color of graphi 



Unites to a fusible 
mass which is ahsorbed 
by the Ch. 
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With Jix on Plalinun 



mrt. 



OFl; Easily solulile to a limpid 
gla,ss irhicli, yibtsn contfiiiiing a 
large quantity, appears yellow 
itbile hot, but becomes coloi'leea on 
cooling. When containing a very 
large quantity it ia enamel-white 
when cold. 

RFl: When containing but little 
titanic acid the glasn becomes yel- 
low ; when cQore, darlt-jellow Ir 
brown. A aaturateil filass beoomet 
en am el -blue by fiaming. 



OFl , Easily dissolved to a limpid 

glass which, when containing a large 

quantity, appears yellow while hot, 

but becomes colorless on cooling. 

RFl: Appears yellow while hot, 

it, on cooling, rediiena and finally 

a a violet color. If iron is 

: the glass, on cooling, be- 

brownish-red ; with tin on 

Ch the glass becocies violet, unless 

■' e amount of iron be Tery consid- 

able. 



With SPk on Flaiirn 



I Wire. 



OFl 1 Like titanic acid. 
Tifte'!', A glass, containing but 
little tungstic acid, is not chai 
When more, it becomes yellow 
on cooling, yellowish-brown. On 
Ch the same reaction is produced 
with a less saturated bead. Tin 
deepens the colors. 



OFl : Easily dissolved to a limpid 
and colorless bead, which when 
bigtily saturated, appears yellow 
while hot. 

RFl ■. With little blowingihe glass 
appears, while hot, of a dirty green 
color, blue on cooling; with strong 
blowing it becomes, on cooling, blu- 
ish-green. On Ch with tin, deep 
green. If iron is present the glass, 
on cooling, becomes brownish-red ; 
witJi tin on Ch the glass becomes 
blueor, if the amountof iron is con- 
siderable, green. 



OFl: Behaves like sesquioxide of 
iron. When highly saturated the 
glass may be made enamel-yell< 
by flaming. 

RFl: Behaves like sesqnioxide of 
iron. The green bead, when at ( 
certain point of saturation, may bi 
made black by flaming. On Ch 
with tin it becomes dark-yellov 



OFl : Dissolves to a limpid yellow 
glass which, on cooling, becomes 
yellowish -green. 

RFl: The glass assumes a dirty 
green color which, on cooling, 
changes to a fine green. With tin 
on Ch the color deepens. 



OFl: Dissolved to a limpid „ 
which, when the quantity of vanadio 
acid is small, appears colorl 
when larger yellow, and which, 
cooling, becomes greenish. 

EFl: Theglass.whilehot, appears 
brownish, and assumes a fine green 
color on cooling. 



OFl: Soluble to a limpid glas 
which, if sutficieut vanadio acid i 
present, appears dark-yellow whil 
hot, and becomes light-yellow oi 



RFl ; As with Borax. 
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Table II.— CON- 



On Charcoal olon 



Wilh CarlonaU of Soda 



27. Oxide of 

Zinc. 
ZnO. 



OFI: When heated be- 
comes jellow and. on 
cooling, white again. It 
fusea not, but becomeB 
yery luminous. 

RFl : Ib slonl]' reduced ; 
tho Tedueed metal be- 
comes rapidly re-oxidized 
9iDd tlie oxide deposited 
on another place of the 
Ch. 



OFI: 



bible. 



EFI; OcCliitbeoomea 
reduced. The metal vap- 
orizes and coats the Ch 
with oiido. With a pow- 
erful flame the charac- 

ao me times produced. 
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With Bx on Plath 



With SFk on Platim 



OFl: Diasolves readily, and ii 
large quantity, to a limpid glaa; 
wMeh appears jBlloniali while hot ; 
on cooling it is colorless. When 
much of the oside is present the 
glass may be made enamel-trhite 
by flaming; and on a still larger 
fldiiltion it becomes enamel-white 
on cooling. 

RFl : The saturated glass 
comes at first gray and cloudy, and 
finally trnnsparent again. On Ch 
the oxido becomes reduced, the 
metal yaporlzes and coats the Ch 
with osido. 
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Table III.— THE 5IETALLIC OXIDES ARRANGED 
THEY IMPART 



With Bukax in i 
a. — Cfilorkss Beads. 

Silica, Alumioa, Binoiide of Tin, 
Baryta, Strontia, Lime, M ague si it, ^ 

Gluoina, Yttrii, Zicconia, Thoria, | when higbly saturated 
Oxide of Lantlmnium, Oxide of Sil- [■opaque (white) by 
ver, Tftutalio Acid, Niobio Acid, Te!- | flaming, 
lurons Acid. j 

Titnnio Acid, Tungstia Acid, Molyb- ] 
die Acid, Osides of Zinc, Cadmium, f when feebly saturated. 
Lead, Bismuth, and Antimony. J 



h. — Ydlom Beads. 

Titanic Acid, Tungslic Acid, Oxides ] '"''"'' l'.!sl>' J saturated; 

,f Zinc, and Cadmium. U[.oool.i.gcolorl«s3,and 

' J cloudy by flaming. 



1 of Lead, Bismuth, and 1 when highly saturated ; 



Osi. 
Antimc 

Iron, and I nhen feebly saturated ; 
/ on cooling colorless. 
Seaquioiide of Chromium, n-hen fully saturated; wben cold, 
yelloirisb-green. 
VanadicAcid; when cold, pale-green. 



c. — Red to Brown Beads. 
f Sesquioside of Cerium ; < 



. cooling yellow, cnarael-lLke by 



Sesquioxide of Chromium ; on cooling yellowish-green. 
I Sesquioiide of Iron, containing Manganese ; on cooling yel- 
L lowisli-red. 

C Oxide of Nickel {reddish-brown to brown) ; violet while hot. 
Cold. < Sesquioside of Manganese (violet-red) ; Tiolet while hot. 
/ Oxide of Nickel, coaiaining Cobalt ; violet while hot. 

d. — Vi'olel Beads (amelhi/sl-eolored). 

C Oxide of Nickel ; on cooling reddish-brown to brown. 
Hot. i Sesquioitide of Manganese ; on cooling violet-red. 

( Oxide of Nickel, containing Cobalt ; on cooling brownish. 
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WITH REFERENCE TO THE COLORS WHICH 
TO THE FLUXES. 



With Eoeax in Reduction Flame produce : 
a. — Colorless Beads. 

Silica, AlumiDa, Binoiide of Tin. 
Baryta, ijtronlia, Lime, Magueaia,, "I 
Glucina, Tttria, Ziroonia, Thoria, Oi- j when highly eaturated 
idea of Lanthaainm and Cerium, Tan- j cloudy ty flaming. 



Hot 

AND 

Cold. 



talio Acid 

Seaquioiide of Manganese ; somelimes, on cooling, pale rose- 
colored. 

Niobic Acid ; when feebly Baturated, 

Osidea of Silyer, Zinc, Cadminm, 1 with strong blowing; 
lead. Bismuth, Antimony, Nickel, Tel- I with feeble liloniog 
luroua Acid. J gray. 

Oxide of Copper; nhen highly saturated on. cooling opaque 



L Vanadic Acid (bro 



J its color on cooling. 



d. — Green Beads. 

Hot f Sesquioside of Iron (yellowish- green) ; especially when cold. 
J Sesquioside of Uranium (jellowish-green); when highly satu- 

AINU i rated black by flaming. 
LOLD. y Seaquioiide of Chromium (light to dark emerald -green). 
Hot. -j Vanadio Acid; bronnish whilo hot. 
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Table III.— CON- 



WiXH Borax in Oxydation Flame produce : 
e. — Skie Beads. 
Hot. -^ Osido of Cobalt; retains ila color on cooling. 



/, — Green Beads. 

Oiide of Copper ; when cold blue or greenish -blue. 

"I on cooling the color 

changes, according to 

the proportion in 

> which the yarious ox- 



Sesquio5:ide of Iron, eontiuDing Co- 
balt or Copper. 

Oxide of Copper, containing Iron oi 



light-green, blue, ■ 
_ J yellow. 

Sesquioxide of Chromium, yellowish- green ; yellow to n 
while hot. 
Tonadic Acid, greenish; yellow while hot. 
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With Bokax in Reduction Flame 
e. — GroT/ and Cloudy Bends. 
( Oxides of Silver, Zinc, Cadmium ,) witli feeble blowing; 
TfiT n -J ^*^''' Bismutli, Antimonj, Nickel, Tel- > with strong blowing 
I liirmio \f\A. J colorleBH. 



/.—Red and Opaque Beads. 
Cold, -j Oiido of Copper, when highly saturateil ; colorless while hot 
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Table III.— GON- 

WiTH Salt of Phosphorus in Oxydation Flame rRODUOE : 
a. — Colorless Bearh. 

SiUoio Acid ; soluble only in minute quantity. 
Alumiaa, Binoiide of Tin; soluWe with difficulty. 
TT„ Baryta, Strontia, Lime, Magnesia, 1 irhen iiighly saturated 

Glucina, Yttria, Ziroonia, Thoria, Oi- > become opaque by 
■*^D ■ ide of Lanthanium, Tellurous Acid, J flaming. 
Cold. Acids of Tantalium, Niobium, Titan- 1 .. „„j ,„„ ,- v,„ „„.„ 
ium. Tungsten, Antimony; Oxides of ^^„"^' '°° highly satu- 
. Zinc, Cadmium, Lead, Biamuth. J ^^^^''■ 

h. — Yellow Beads. 
r , Acids of Tantaliura, Niobium, Titan- 1 ^;^, .^jurated ; 

mm. Tungsten, Antimony; Oxides of Lawless on oooline 
Zinc, Cadmium, Lead, Bismutb. J colorless on cooling. 

Hot J Oside of Silver, yellowish ; when cold opalescent. 

] Sesquioiide of Iron. ) -when feetly saturated ; 

" " Cerium. \ on cooling oolorleBS. 

" " Uranium; wbcn cold yellowish-green. 

L Tanadie Acid, deep-yellow; when cold of a lighter shade. 
Cold. \ Oside of Nickel ; while hot reddish. 

e. — Red Beads. 

fSesquiosida of Iron. ) when highly saturated; 

" " Cerium. \ when cold yellow. 

Oxide of Nickel, reddish; when cold yellow. 
Seaquioside of Chromium, reddish ; when cold emerald-green. 

d. — Violet Beads. 

{Scsquiojide of Manganese, brownish-Tiolet ; on cooling pale 
reddiah-violet- 
Qjide of Didjmium ; when cold of a lighter shade. 

e.—Blue Beads. 



Hot. -| Oiide of Cobalt; when cold of the sam 
Cold. -J Oxide of Copper ; green while hot. 
f. — Green Beads. 

Sesquioxide of Iron, containing Co- 
balt or Copper. 

Oiido of Copper, containing Iron or 
Nickel. 






on cooling the color 
changes, according to 
the proportion in which 



Oxide of Copper; when cold blue or greenish-blue. 
Molybdio Acid, yellowish- green; when cold of a lighter shade. 
PoiD / Sesquioxide of Uranium, yellowish-green; while hot yellow. 
■ -J^ Sesquioiidc of Chromium, emerald-green i while hot reddish. 
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With Salt of Phosphorus in Reddction Flame produce: 
a. — Colorless Beads. 

Silica, but slightly solable. 

Alumioa, Binaiide of Tiu, soluble with difficulty. 

Baryta, Stroutia, Lime, Magnesia, I nhen high!; saturated 
Gluoina, Tttria, Ziroooia, Thorio, Oi- t become opaque by 
ide of Lanthanium. J flaming. 

Oiidea of Didymium. Cerium, Manganese. 

Oiidea of Silver, Zinc, Cadmium, - 
Lead, Bismuth. 



Hot 

AND 

CoiJ). 



Tantalio Acid, Antimonous Acid, >mthcontinuedblotriDg. 
Telluroua Acid. 

Oside of Nickel, OB Ch. 

6. — Yellow to Bed Beads. 

f Sesqnioxide of Iron ; on cooling greenish, then reddiab. 

I Titanic Acid, yellow ; on cooling Tiolet. 

I Vanadio Acid, brownish; nhen cold emerald -green. 
J Titanic Acid containing Iron. ■) yellow ; when 

1 Tungstic " " " jblooil-red. 



(, Titanic Acid ; yellow while hot. 
d. — Blue Beads. 

(Oxide of Cobalt ; of the same color when hoL 
Tungstic Acid; while hot brownish. 
Niobio Acid, when very highly saturated ; while hot of a dirty- 
blue color. 

e. — Green Beads. 

r Sesquioiide of Uranium ; while hot less bright. 

Moljbdic Acid; while hot of a dirty-green color. 

Vanadic Acid; while hot brownish. 
(^ Sesquioxide of Chromium ; while hot reddish. 

/, — Gray and Cloudy Beads. 

I Glides of Silver, Zinc, Cadmium, "l takes quioltest place on 
Cold, i I-cad, Bismuth, Antimony, Nickel; J- Ch; with continued 
( Tellurons Acid. J blowing colorless. 

g. — Red and Ojtaque Beads. 
Cold. ■{ Oxide of Copper, when highly saturated, or with Tin on Ch. 



Cold. ■ 
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INDEX. 



Aikimt« lid 


nation. 33 
ores of, 66 
sulphidea obtest for, 20 


Albite 129 


"when 


Allamte JU J"-! 
Allothane 131 
Alloohroite 1 I 

Altaiie 111 

Alumina test, for 30, Hi 


in oorahination, S4 
Apatite, 124, 135 

Appsratus, list of, 14, 16 

Arfvedsonite. 131 


Alnnite 130 

Amblygonite 124 
Ammonitt test for 1% 33 

vilta of teat for, 19 


Argentiferous aulphida of copper, 

87 
Arkansite, 115 
Arragouite, 133 
Arsenates, test for, 27 
Arsenie. mctalllo, ta.-t- for, Ifl, 20, 


Ammoma alum 1"4 


22,26 


Auulcime 12b 


orea of; 58 


Anatnae 139 
Andalu^il* 1'3 


sulphidea of, test for, 20 
test for. when in oombina- 


Angiaril* l^O 
Anglesite 76 117 
Anbjdrite 123 
AuDabergite 8"! 1]» 
Anlhopbylhte I'M 
Anthracite 10 


tion, 34 
test for. in arsBnittes and 
arsenitef-, 35 
Araeniottlpyrites, 71, 110 
copper, 05 


Antigorite 157 


Araenolite, 58, 116 


silver 84 
Antimonous acid lesls for, 10, US 


Arsenous acid, tests for. lit, 3,?. 14S 
Asphnltum. 91 
Atacamite, 85. 118 



HoiMb, Google 



Aiurite, 08, 119 

BARIUM, atilta of, test 
Bnrjta, (eaU for, 144 
Barj(«3, 123 
Barjtooalcile, 134 
Betthierite, 57, 112 
Berjl, 141 
Berzelianite, 111 



Bituminous coal, 90 
Bismutli, metallic, testa for, 21, 2- 
" oxide of, change by hen 
21 
" teats for, 148 

tion, 35 
Bismuth ochre, 60 
Bismuth! ne, 60 
Bismutite, 59, 133 
Block manganese, 79 
Blende, 88, 115, 133, 134 
Blowpipe lamp, 13 
Biue malachite, 66 
Bog manganese. 79 
Boltonite, 138 
Bone-Bsb, 16 
Boraoio acid, as rengent, 15 

testa for, 26, 36 
B a*t 124 
B 135 



B och 1 1 lib 
B m 11 85 



CACOXENB, 120 

Cndminm, metallic, test fnr, 23 
" test for small quanliti 

of, 37 
alloys of, test for, 20 
oxide of, testa for, 118 

Calamine, 89, 130, 133 

Calcination of o^aaya, 37 

Cnlcite, 133 

Calcium, aalts of, test for, 26 

Calomel, 81, 116 

Capillary pyrites, 83 

Carbonic acid, test for, 10 

Corpholite. 138 

Caasiterite, 87, 139 



i, 123 
!, 76, 117 



>, 136 



Cerium, oxide of, teats for, ISO 
Ccruaite, 75, 117 
Chabaiite, 127 
Chalcolite, 119 
Chakophyllite, 118 
Cholflopyrite, 63 
Chaljbite, T2, 134 
Childrenite, 135, 140 
Chiolite, 124 
Cbloantite, 110 
CfaloHne, teat tor, 37 
Chlorite, 137, 138 
Chloropal, ISB 
Chloro-bromido of silvor, B4 
Chondrodite, 138 
Chonikrite, 1 26 
Chrome oehle, 135 



;d by Google 



Cinnabftr, 81, 113, 118 

test for, 20 
Clanathalite, 110 
Clintonite, 131, 137 
Cgbalt, test for, in arsenideH, 38 

'" " when in eombini 

tion with metal: 
43 
" nitratflof, M reaeent. IS 
•' oxido of, tests for, )50 
ores of, 61 
Cobalt bloom, 62 
Cobalt pyrites, 61 
Cobaltine, 6], 110 
Collyrile, 131 

Common ooa!, SO 



C p El 

Cy 
c 




113 
f 19 


DlTHrLITB 
D k d 1 


■* gj. 


Dw jl 
D 11 B 
D 11 E 


12 

1 


31 


D 
!> 1 


111 




I pta. 
D p 1 


136 
1 9 





EARTHY COBALT, 62, 135 
Electram, 110 



41 

Capper glance, 64. 113 
" nickel, 81, 110 
" pyrites, 63, 113 
" vitriol, 66 

Copperas, 72 

Coquimbiis, 120 

Corneous lead, 75 

CarDDdum, 132 

Coyelline, 118 



Croooisite, 77, 117 
Cronstedtite, 121 
Cryolite, 123 



in a closed glass tnbe, 

18 
in an open glass tnbe, 

21 
on ehareoal, 22 
in the foroeps, 34 
with borax and salt of 

phosphorus, 21 
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aation with carbonate of aoda, 
23 
withsolutiouoCeobalt, 



FISCHBRITB, 131 



Slaot epar, as reagent 
Floorine, tests for, 41 
Fossil fael, 00 
Franklinite, SO. 115 
Fnsibilitj, scale of, 10 

GADOLINITE, 13T 
Gahnite, Ul 
Onlena, 74, 113 
Gay-Lussite, 123 
eebleDite, 137 
Qoocronite, T5, 112 
Oeradorffite, 62, 110 
Oibbeite, 130 
aiaserit«, 122 
Olauberite, 123 
Glauber salt, J22 



t fer, Tilieii in combiiii 



r, 64 



<3<ethite, 134 
Graphie tellnrii 
Sntphite, 115 
Gray antim, 
" coppci 

Green earth, 121 

" litriol, 72, 120 
Gieenookitfl, 134 
Granauite, 113 
Gypsum, 123 

HALLOYSITB, 131 
Hardness, scale of, 5n 
Haimotome, 120 



I quicl 



I, 116 



Hisingerite, 121, 136 

Hor 

llor 

Hornblende, 121. 139 

HureauUte, 120 

Hjdroboracite, 124 

Hjpersthene, 139 

IDOCEASE, 130 
Ilmonite, 72 
lodie silver, S& 
Iodine, test for, 43 



in an] pi id 65 and ai 
nides, 44 
)f, testa for, 152 



Kilbrikenite. 112 
Kreittunite, 141 
Kjonite, 132 

LABRADORITE, 127 
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LanorkiU, IIT 
Lapis lazuli, 125 
LaamoDtite, 125 
Lavendnlan, Gl 



Lead, i 



i, 131 
etolllo, 



], 16 



ta for, % 



•' test for, wl 
44, 46 

" oside of, ohfinge by heat, 21 
" teats for, 152 

'■ ores of, 73 

" phosphate of, test for, 48 
Le]idhillile, TS, IIT 
Lead vitriol, 78 
Lepidolite, 122, 128 
LeUDite, 133, 13S 



Tdbet! 



3, 119 



Lime-gamet, 127, 130 

Lime-lron-garnet, 121 
Limonite, 70, 113, 115, IM 



Litiiia-tourmaliiie, 132 

MAGNESIA, tests for, 30, 1 
Mognesite, 134 
Mn^etic iron ore, 70 
" pyrites, n 
Ma^etite, TO, 114, 115 
MnlBchite, 66, 119 
Mangftnblende, 113, 124 



Honganese-garnet, 128 
Manganjte, 115 
Mateasite, 71, 113 



Mellilite, 126 

Mcndtpite, 117 

Mercury, metallic, tests for, 20, 22 
ebloridesof, test for, 19 
salts of, tests tor, 20, 46 
sulphide of, tests for, 20, 

ores of, 80 
■' oiideof, teats for, 151 
" test for, in aroalgom?, 40 

Mcsolite, 125 

Meteoric iron, 69 

Miargyrite, 112 

Millerite, 83, 118 

Mimetine, 117 



loid, tests for, 154 



Monradite, 137 
Moaoovite, 132, 138 
Myelin, 132 
Mjsorin, 319 

NAGTAGITB, 111 



lead, no 
mercury, 8D, 110 
palladium, 110 
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